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(54)TIfle: CIRCUMFERENTIAL ABLATION DEVICE ASSEMBLY AND METHOD 

(57) Abstract 

A circumferential ablation device assem- 
bly includes a circumferential ablation member 
with an ablation element diat is adapted to ablate 
a circumferential region of tissue in the region of 
a pulmonary vein ostium. The ablation element 
couples to a middle portion of the circumferential 
ablation member and which is bordered on eithw 
side by two end portiwis. The end portiwis arc 
adapted to shield and diereby isolate ablative en- 
ergy from the ablation element to the circumfer- 
ential region of tissue adjacent the middle region. 
Vat ablation elemoit is coiq)lcd to an expandable 
member with a working length that is adjustable 
to a radially expanded positioi which engages 
the circumferential region of tissue, and may be 
coupled <»ily to a narrow circumferential band 
diat circumscribes the outer surfece of the woric- 
ing length to fonn the middle region adiQ>ted to 
ablate tissue adjacent thereto. The ablation el- 
ement may cotq>le to the entire working length 
of the expandable member, and insulators may 
be provided over both md portions to leave the 
circumferential band as the only ablative middle 
region. Ihe expandable member confonns to the 
puhnonary vein ostium, such as by providing a 
great deal of radial compliance or by providing 

a taper along die working length with a distaUy u 
reducing outer diameter. The ablation element may be any energy sink adapted to couple to and ablate the cucumferenual region, although 
in one mode an ultrasound transducer is ultrasonically coiqiled to the circumferential band to either heat the band or pass durough the band in 
Older to ablate die circumferential region of tissue. A linear ablation elemoit is provided adjacent to tiie ablation eleinent in a combination 
asswnbly which is adapted for use in a less-invasive "maze"-type procedure in the region of the puhnonary vefai ostia hi tfie left atrium. 
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CIRCUMFERENTIAL ABLATION DEVICE ASSEMBLY AND 

METHOD 



TECHNICAL FIELD 

The present invention is a surgical device and method. More specifically, it is a 
device assembly and method adapted to form a circumferential conduction blodc along a 
circumferential region of tissue located between a substantial portion of a puhnonary vein, 
such as a portion which includes an arrhythmogenic focus, and a substantial portion of a 
posterior left atrial wall, such as a portion including tiie other puhnonary veins. 

BACKGROUND 



Many abnormal medical conditions in humans and other mammals have been 
associated witii disease and other abenations along tiie lining or waUs which define several 
different body spaces. In order to treat such abnormal wall conditions of the body spaces, 
medical device technologies adapted for delivering specific forms of ablative energy to 
20 specific regions of targeted wall tissue from within the associated body space have been 
developed and disclosed. 

The terms "body space," including derivatives thereof, is herein intended to mean 
any cavity or lumen within the body which is defined at least in part by a tissue wall. For 

ejcample, the cardiac chambers, the uterus, the regions of the gastrointestinal tract, and tiie 
25 arterial or venous vessels are aU considered illustrative examples of body spaces witiun tiie 
intended meaning. 

The term "lumen," including derivatives tiiereof, is herein intended to mean any 
body space which is circumscribed along a length by a tubular tissue wall and which 
terminates at each of two ends in at least one opening that communicates externally of tiie 
30 body space. For example, tiie large and small intestines, tiie vas deferens, tiie trachea, and 
tiie fellopian tubes are aU illustrative examples of lumens witiiin tiie intended meaning. 
Blood vessels are also herein considered lumens, including regions of tiie vascular tees 
between tiieir branch points. More particularly, tiie puhnonary veins are lumens witiiin tiie 

1 

SUBSTITUTE SHEET (RULE 26) 



wo 99/02096 PCTAJS98/14220 

intended meaning, including the region of the pulmonaiy veins between the branched 
portions of their ostia along a left ventricle wall, although the wall tissue defining the ostia 
typically presents uniquely tiered lumenal sh^s, 

Atherosclerosis, a vascular disease characterized by abnormal deposits upon vessel 
5 wails or thickening thereof, is an example of an abnormal wall condition. The dangers 
related to flow blockages or functional occlusions resulting from the disease have made 
atherosclerosis the focus of many disclosed devices. Such devices can be categorized by 
their structures and tissue treatment mechanisms. These categories may include direct 
contact electrode devices, resistance heating devices, light transmission/conversion-to-heat 
10 devices, hot fluid lumen devices, and radio frequency (RF) heated device^^ 

Several direct (or nearly direct) contact electrode devices have been disclosed. U.S. 
Patent No. 4,998,933 to Eggers et al. describes a catheter designed for theraial angioplasty 
which utilizes a heated electrode in direct contact with surrounding tissue or plaque 
deposits as a mechanism for treating the diseased lumen walls. U.S. Patent Nos. 4,676,258 
15 to InoKuchi et al. and 4,807,620 to Strul et al. disclose devices designed to treat 
surroundu^ tissues using heat generated by two electrodes within tiie device and an RF 
power source. 

U.S. Patent Nos. 4,672,962 to Hershenson and 5,035,694 to Kasprzyk et al. 
disclose devices which may be categorized as resistance heating probes. In each of these 

20 devices, current flowing through a conductive matmal at the end of the device provides 
heat which is transmitted to surrounding tissues for treatment of atherosclcarosis and other 
diseases. Current is transmitted in each of these devices by electrically conductive 
materials. In contrast, U.S. Patent No. 5,226,430 to Spears et al. discloses a device which 
uses light transmitting fiber to transmit energy to a heat generating element at the tip of the 

25 device. The heat generating element in tiiat device transmits heat energy to a surroundmg 
balloon structure which is in contact with surrounding tissue. In further contrast, U.S. 
Patent No. 4,790,311 to Ruiz discloses an angioplasty catheter system wherein a heat 
generating electrode at the tip of the device is heated using tiie transmission of RF energy. 
This device may be categorized as an RF heated device. 

30 U.S. Patent Nos. 5,190,540 and 532,321 to Lee can be categorized as hot fluid 

lumen devices. In tiie *540 disclosure, Lee describes a balloon catheter designed for 
remodeling a body lumen. This device utilizes a multi-lumen catiieter which is capable of 
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delivering heated fluid to an expandable baUoon lumen, tliereby expanding the balloon 
geometrically and heating tissue which is in contact with the balloon. In the '321 
disclosure. Lee describes a lumen of an expandable balloon is filled with thermoplastic 
material which is designed to become softer and more moldable when heated by a heating 
s element 

Endometriosis, another abnormal wall tissue condition, is associated with the 
endometrial cavity of the female. This medical condition, characterized by dangerously 
proUferative uterine wall tissue along the surfece of the endometrial cavity, has been 
treated by delivering energy to the tissue. U.S. Patent No. 5,449.380 to Chin discloses a 
10 medical device for deUvering energy to the waU tissue of a diseased endometrial cavity 

using a balloon lumen with heated fluid circulating therein. Other devices, such as those 
' disclosed in U.S. Patent Nos. 5.505.730 to Edwards; 5.558,672 to Edwards et al. and 
5.562,720 to Stem et al. are intended to treat particular tissues using heat generated by the 
flow of RF current between electrodes. 

Diseased or structurally damaged blood vessels may bring about various abnormal 
wall conditions. The inducement of thrombosis and control of hemorrhaging withm 
certain body lumens such as vessels have been the focus of several disclosed devices which 
use catheter-based heat sources for cauterizing damaged tissues. In U.S. Patent No. 
4,449,528. for example, Auth et al. disclose a thermal cautery probe designed for heatmg 
20 specific layers of tissue without producing deep tissaie damage. The mechanism of heat 
generation in this device is a resistive coil withm the cautery probe which is electrically 
comiected to a power source. In U.S. Patent No. 4.662.368. Hussem et al. disclose a 
device designed for localized heat application within a lumen. In this device, energy for 
heat generation is deUvered to the tip of the device in the form of light by a flexible fiber. 

25 Heat ftom an element which converts U^t energy to heat energy is then conducted to the 
adjacent tissue. In U.S. Patent No. 4,522.205, Taylor et al. disclose a device designed for 
inducmg thrombosis in a blood vessel comprising an array of electrodes mounted onto an 
expandable baUoon which may be delivered by a catheter sudi that direct current flows 
through electrodes which axe m contact with adjacent tissues in order to precipitate 

30 thrombosis. 

Maintenance of patency in diseased lumens such as blood vessels has been the 
focus of several disclosed devices, such as for example cardiovascular stent devices. U.S. 
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Patent No. 5,078,736 to Behl, for example, discloses an apparatus for maintaining patency 
in the body passages ! comprising a stent structure whicih ihay be connected to a 
radiofrequency power source. In addition to medianically supporting a body himen, tills 
device is intended to provide for thermal disruption of the adjacent tissues in order to 
5 inhibit reocclusion of the lumen. U.S. Patent No. 5,178,618 to Kandarpa discloses a 
device whidi is intended to tecanalize an occluded vessel prior to mechanically supporting 
a lumen region. 

In addition to tiie references just described above, other examples of devices and 
methods which are mtended to ablate tissues within various body spaces are disclosed m 
10 the foUowing additional refiaences: U.S. Patent No. 5,295,484 to Marcus et al. ; U.S. 
Patent No. 5,324,255 to Passafero et al. ; U.S. Patent No. 5,391,197 to Burdette et al. ; U.S. 
: Patent No. 5,447,509 to Mills et al. ; U.S. Patent No. 5,474,530 to Passafero et al. ; U.S. 
Patent No. 5,571 ,088 to Lennox et al. ; U.S. Patent No. 5,575,772 to Lennox ; U.S. Patent 
No. 5,630,837 to Crowley ; U.S. Patent No. 5,606,974 to CasteUano et al. ; U.S. Patent No. 
15 5.620,479 to Diederich ; U.S. Patent No. 5,685,839 to Edwards et al. ; and U.S. Patent No. 
5,735,288 to Sherman et al.. 

Atrial Fibrillation 



20 



Cardiac arrhythmias, and atrial fibrillation in particular, persist as common and 
dangerous medical aihnents, especially in the agmg population. In patients with normal 
sinus rhythm, the heart, which is comprised of atrial, ventricular, and exchatory conduction 
tissue, is electrically excited to beat in a synchronous, patterned feshion. In patients with 
cardiac arrhythnua, abnormal regions of cardiac tissue do not follow the synchronous 
25 beating cycle associated witii normaUy conductive tissue m patients with sinus riiytiim. 
Instead, tiie abnormal regions of cardiac tissue aberrantiy conduct to adjacent tissue, 
tiiereby disnqrtu^ tiie cardiac cycle into an asynchronous cardiac riiytiun. Such abnormal 
conduction has been previously known to occur at various regions of the heart, such as, for 
example, in the region of the smo-atrial (SA) node, along the conduction pathways of tiie 
atrioventricular (AV) node and the Bundle of His, or in tiie cardiac muscle tissue forming 



30 



the walls of the ventricular and atrial cardiac chambers. 
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Cardiac anhythinias, including atrial anhythmia, may be of a multiwavdet 
reentrant type, characterized by multiple asynchronous loops of electrical impulses that are 
scattered about the atrial chamber and are often self propagating. In the alternative or in 
addition to the multiwavelet reentrant type, cardiac arrhythmias may also have a focal 
origin, such as when an isolated region of tissue in an atrium fires autonomously in a rapid, 
repetitive feshion. Cardiac arriiythmias, including atrial fibriUation, may be generaUy 
detected using the global technique of an electrocardiogram (EKG). More sensitive 
procedures of mapping die specific conduction dong the cardiac chambers have also been 

disclosed, such as, for example, in US Patents Nos. 4,641,649 to Walinsky et al. and WO 
96/32897 to Desai. 

A host of clinical concfitions may result from the irregular cardiac fimction and 
resulting hemodynamic abnormalities associated with atrial fibriUation. including stroke, 
heart failure, and otiier tiiromboembolic events. In fact, atrial fibrillation is believed to be 
a significant cause of cerebral stroke, wherem the abnormal hemodynamics in the left 
atrium caused by tiie fibrillatory wall motion precipitate tiie fonnation of tiirombus witiim 
the atrial chamber. A tiiromboemboUsm is ultimately dislodged into tiie left ventricle, 
which tixereafler pumps tiie embolism into the cerebral circulation where a stroke results. 
Accordingly, numerous procedures for ti»ating atrial arrhythmias have been developed, 
including pharmacological, surgical, and catheter ablation procedures. 

Conventional Atiial Anhvtiunia Treatments 

Several pharmacological approaches intended to remedy or otiierwise treat atrial 
arrfiytiunias have been disclosed, such as, for example, in US Patent No. 4,673,563 to 
Berne et al.; US latent No. 4.569.801 to MoUoy et al.; and also by Hindricks, et al. m 
"Current Management of Arrhytiimias'* (1991). However, such pharmacological solutions 
are not generaUy beUeved to be entirely efifective in many cases, and may in some cases 
result in proarrhythmia and long term inefiBcacy. 

Several surgical approaches have also been developed with the intention of treating 
atrial fibrillation. One particular example is known as tiie ''maze procedure." as is 
disclosed by Cox, JL et al. in "The surgical treatment of atrial fibrillation. I. Summary" 
Thoracic and Cardiovascular Surgery 101(3). pp. 402-405 (1991); and also by Cox. JL in 
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«The surgical treataieiit of atrial fibrilladon. IV. Surgical Technique", Thoracic and 
Cardiovascular, Surgery 101(4). pp. 584-592 (1991). , In general, the W procedure is 
designed to reUeve atnal arrhythmia by restoring effective atrial systole and sinus node 
control through a prescribed pattern of mcisions about the tissue wall. In the early clinical 
experiences reported, the "maze" procedure included surgical incisions in both the right 
and the left atrial chambers. However, more recent reports predict that the surgical "maze" 
procedure may be substantially efacadous when performed only in the left atrium, such as 
is disclosed in Sueda et al., "Simple Left Atrial Procedure for Chronic Atrial Fibrillation 
Associated With Mitral Valve Disease" (1996). 

The "maze procedure" as performed in the left atrium generally includes forming 
vertical incisions from the two superior puhnonary veins and terminating in tiie region of 
the mitral valve annulus, traversing the inferior puhnonary veins en route. An additional 
horizontal line also connects the superior ends of the two vertical incisions. Thus, the 
atrial wall region bordered by the puhnonary yein ostla is isolated from the other atrial 
tissue. In this process, the mechanical sectioning of atrial tissue eliminates the 
precipitating conduction to the atrial arrhythmia by creating conduction blocks within the 
aberrant electrical conduction pa&ways. 

While the "maze" procedure as reported by Cox and others, and also other surgical 
procedures, have met some success in treatmg patients with atrial arrhythmia, its highly 
invasive methodology is believed to be prohibitive in most cases. However, these 
procedures have provided a guiding principle that mechanically isolating feulty cardiac 
tissue may successfully prevent atrial arriiythmia, and pardculariy atrial fibrillation caused 
by perpetually wandering reentrant wavelets or focal regions of arrhythmogenic 
conduction. 

Modem Catheter Treatments for Atrial Arrhythmia 

Success with surgical interventions through atrial segmentation, particularly with 
regard to the surgical "maze" procedure just described, has mspired tiie disvelopment of 
less invasive catheter-based approaches to treat atrial fibriUation through cardiac tissue 
ablation. Examples of such catheter-based devices and treatment methods have generally 
targeted atrial segmentation with ablation catheter devices and methods adapted to form 
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linear or curvilinear lesions in the wall tissue which defines tte atrial chambers, such as are 
disclosed in the Mowing US Patents: US Patent No. 5,617,854 to Munsif; US Patent No. 
4,898.591 to Jang et al.; US Patent No. 5,487,385 to Avitall; and US Patent No. 5,582,609 
to Swansea The disclosures of these patents are herein incorporated in their entirety by 

5 reference thereto. 

Additional examples of catheter-based tissue ablation in performing less-invasive 
cardiac chamber segmentation procedures are also disclosed in the following articles: 
"Physics and Engineering of Transcatheter Tissue Ablation", AvitaU et al.. Journal of 
American College of Cardiology, Vohune 22, No. 3:921-932 (1993); and "Right and Ufl 
10 Atrial Radiofrequency Catheter Therapy of Paroxysmal Atrial Fibrillation," Haissaguene. 
)A ^i.,Jourml of Cardiovascular ElectrophyM^ 
' articles are herein incorporated in their entirety by reference thereto. 

Furthermore, the use of particular guiding sheath designs for use in ablation 
procedures in both the right and/or left atrial chambers are disclosed in US Patents Nos. 
15 5,427.119; 5.497,119; 5.564,440; 5,575,766 to Swartz et al. In addition, various energy 
deUvery modaUties have been disclosed for forming such atrial waU lesions, and include 
use of microwave, laser, and more commonly, radiofrequency energies to create 
conduction blocks along the cardiac tissue waU, as disclosed in US Patent Nos. WO 
93/20767 to Stem et al.; 5,104,393 to Isner et al.; and 5,575.766 to Swartz et al. 
20 respectively. The disclosures of these references are herein incorporated in their entirety 
by reference thereto. 

In addition to attempting atrial wall segmentation witii long linear lesions for 
treating atrial arrhytfimia. ablation catiieter devices and metiiods have also been disclosed 
which are intended to ablate arriiytimiogenic tissue of tiie left-sided accessory patiiways. 
25 such as those associated witiiAeWolfF-Paridnson-WMte syndrome. tim)ugh tiie^^^ 

adjacent region along tiie coronary anus. 

For example. Fram et al., in "FeasibiUty of RF Powered Thermal Balloon Ablation 
of Atrioventricular Bypass Tracts via tiie Coronary Sinus: In vivo Camne Stiidies," PACE, 
Vol. 18, p 1518-1530 (1995), disclose attempted tiiermal ablation of left-sided accessory 
30 pafliways in dogs using a balloon which is heated witii bipolar radiofrequency electrodes 
positioned witiiin the baUoon. A 10 French guiding catiieter and a 0.035" wire were 
provided in an assembly adapted to advance tiie ablation catiieter into tiie coronary sinus 
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ftom the jugular vein. Themal ablation procedures were perfonned in the posterospetal 
coronary sinus and in the left free-wall coronary sinus with thermal inflations at either 
70deg, SOdeg, or 90de^ for either 30 or 60 seconds. In aU cases balloon occlusion was 
confirmed using distal dye injiection. A compliant silicone balloon was used whidi had a 
5 diameter range of 5-20mm and a length range of 8-23mm over a final inflation pressure 
range of 0.4 to 1.5 atms. Fram et al. discloses that the lesion deptti of some population 
groups nmy be sufBcient to treat patients vwth Wolff-Paridnson-WMte syndn>n^^ 

Additional examples of cardiac tissue ablation fronii the region of fte conmaiy 
sinus for the purpose of treating particular types of cardiac arrhythmias are disclosed in: 
10 "Long-term effects of percutaneous laser balloon ablation from the canine coronary sinus", 
Schuger CD et al.. Circulation (1992) 86:947-954; and "Percutaneous laser balloon 
coagulation of accessory pathways", McMalh LP et al., Diagn Ther Cardiovasc Interven 
1991; 1425:165-171. 

15 Focal Arrhythmias Originatii« fijom Puhnonary Veins 

Certain particular modes of atrial fibrillation are believed to be focal in nature, 
caused by tiie r^id and repetitive firing of an isolated center witiiin the atrial cardiac 
muscle tissue. These foci may act as either a trigger of paroxysmal atrial fibrillation or 

20 may sustain tiie fibrillation. Recent sUwiies have suggested tiiat focal arrhythmia oftoi 
originates from a tissue region along the pulmonary veins of tiie left atrium, and even more 
particulariy in the siqwrior puhnonary vans. 

Less-invasive percutaneous catheter ablation techniques have been disclosed which 
use end-electrode catiieter deagns witii the intention of ablating and tiiereby treating focal 

25 arrhythmias in tiie pulmonary veins. These ablation procedures are typically characterized 
by the incremental application of electrical energy to the tissue to form focal lesions 
designed to ablate the focus and thereby interrupt the inappropriate conduction pathways. 

One example of a focal ablation metiiod intended to destroy and tiiereby treat focal 
arrhythmia origmating from a puhnonary vem is disclosed by Haissaguerre, et al. m "Right 

30 and Left Atrial Radiofi«quency Catheter Therapy of Paroxyanal Atrial Fibrillation" in 
Journal of Cardiovascular Bectrophysiology 7(12), pp. 1 132-1 144 (1996). Haissaguerre, 
et al. disclose radipfi»quency calheter ablation of drug-refractory panwysnud atrial 
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fibrillation using linear atrial lesions complemented by focal ablation targeted at 
arrhythmogenic foci in a screened patient population. The site of the airhythmogenic foci 
were generally located just inside the superior pulmonary vein, and were ablated using a 
standard 4mm tip single ablation electrode. 

In another focal ablation example, Jais et al. in "A focal source of atrial fibrillation 
treated by discrete radioftequency ablation" Circulation 95:572-576 (1997) appUes an 
ablative technique to patients with paroxysmal arrhythmias originating firom a focal sotirce. 
At the site of arriiythmogenic tissue, in both right and left atria, several pulses of a discrete 
source of radioftequency energy were applied in order to eliminate the fihrillatory process, 

ThCTe is still a need for a circumferential ablation device assembly and method 
adapted to electrically isolate a substantial portion of a posterior left atrial wall 6om an 
' arriiythmogenic focus along a pulmonary vein. In particular there is still a need for such an 
assembly and method which provides a circumferential ablation member secured to the 
distal end of an elongate catheter body and which includes an ablation elonent adapted to 
5 form a circumferential conduction block along a circumferential region of tissue which 
either includes the arriiythmogenic focus or is between the arrthythmogenic focus and the 
substantial portion of the posterior left atrium wall. 

There is also stiU a need for a circumferential ablation device assembly and method 
for forming a circumferential conduction block which is adapted to couple an ablation 
!0 element to a circumferential region of tissue whUe substantially isolating ablative energy 
from the ablation element to tiie circumferential region of tissue by shielding adjacent 
regions of tissue adjacem to the circumferential region from co»q)ling to the ablation 
element 

Th«e is also still a need for an ablation device assembly and metfiod adq)ted to 
25 connect multiple linear lesions tiiat arc eadi formed along rcgions of tissue octending 
between a common puhnonary vein and multiple otiier pulmonary veins adjacent to flie 
common puhnonary vein in a less-invasive "maze"-type procedure for treating atrial 
arrhythmias. 

There is also still a need for a tissue ablation device assembly witii an ablation 
30 catheter assembly having an eloi^ate body witii an anchor adjacent to a linear ablation 
element, wherein tiie anchor is formed by a stylet slideably engaged witiun a stylet 
passageway along the elongate body such that tiie stylet when advanced withm the stylet 
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passageway to a predetennined location is adapted to push a portion of the elongate body 
adjacent to the linear ablation element into a pulmonary vein through its ostium along the 
posterior left atrial wal/ 

There is also stiU a need for a tissue ablation device assembly and method vv^ 
5 provides a circumferential ablation memjber which may be selectively chosen from a kit of 
ablation members based upon a measured diameter of a pubnonary vein in order to ablate a 
particular circumferential region of tissue between a substantial portion of the pulmonary 
vein and a substantial portion of a posterior left atrial wall. 

10 SUMMARY OF THE INVENTION 

A circumferential ablation device assembly is ad£y>ted to form a circumferential 
conduction block which electrically isolates a substantial portion of a posterior left atrial 
wall of a left atrixmi in a patient from an arrhythmogenic focus located along a pulmonaiy 
1 5 vein that extends from the posterior left atrial wall at a pulmonary vein ostium. The 
assembly includes a circumferential ablation device having an elongate body and a 
circumferential ablation member secured to the distal end portion of the elongate body. 
The circumferential ablation member mcludes an ablation element which is adapted to 
couple to and ablate a circumferential region of tissue that either includes the 
20 arriiythmogenic focus along the puhnonary vein, or which is located between the 
anhythmogenic focus along the pubnonary vein. 

Accordmg to one mode of the assmibly, a kit of multiple such circumferential 
ablation devices is provided with each circumferential ablation device in the kit adapted to 
ablate a circumferential region of tissue which circumscribes a space having a unique 
25 diameter. A particular one of the circumferential ablation devices may be chosen for use in 
forming a circumferential conduction block in relation to a particular puhnonary vein in a 
patient based upon reviewing a measured diameter associated with the circumferential 
region of tissue desired to be ablated. 

In one aspect of this mode, ttie particular cfrcumferential ablation device is chosen 
30 based iqwn a measured diameter from an X-my or fluoroscopic view of the curcum^^ 
region. In another aspect of this mode, the particular circumferential ablation device is 
chosen based upon a transesophageal ultrasound view of &e circumferential region. 
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According to another mode of the assembly, the circumferential ablation member 
includes an expandable member along the distal end portion of the elongate body and that 
is adjustable fiom a radially collapsed position to a radially expanded position such that an 
outer surface along the workmg length contacts or engages the circumferential region of 
tissue to be ablated The circumferential ablation element is coupled to the outer surfiace 
and also to the circumferential region of tissue in order to ablate the tissue. 

In one aspect of this mode, the workmg length is adapted to conform to a 
puhnonary vein ostium vAien adjusted firom a radially collapsed position to a radially 

expanded position. 

In one forther embodunent of this aspect, the working length 

includes a taper with a distally reducing outer diameter from a proximal region to a distal 
region. In one beneficial variation oftWsembodunent, the taper is pear-shaped with a 
contoured surface between the proximal and distal regions. 

In another embodiment of this aspect, the expandable memba: is radially compliant 
and is adapted to conform to the pulmonary vein ostium when the working length is 
expanded to the radially expanded position in the left atrium. In one beneficial variation of 
this embodiment, the expandable member is adsptsd to conform to tiie puhnonary vein 
ostium by expanding it to the expanded position within the atrium and thereafter forcii^ 
the member retrogradedly into the pulmonary vein and agamst the pulmonary vem ostium. 

In another mode of the assembly, the circumferential ablation member uicludes 
first and second end portions that border opposite sides of a iniddle region along the 
elongate body relative to the longitudinal axis. The ablation element is coupled to the 
middle region, and the first and second end portions are ad^ted to substantially isolate 
ablative energy from the ablation element and to the circumferential region of tissue by 
substantially shielding surrounding tissue fiom coupling to the ablation element. 

A finther mode of the assembly combines the expandable member mode and 
isolated coupling modes just described for the ciicuinferential ablation member a^^ 
ablation element The expandable member mcludes a woridng lengtii with first and second 
end portions and a circumferential band which circumscribes an outer surface of the 
working length between the first and second end portions. When the expandable member is 
in tiie radially expanded position, the circumferential band is adapted to contact or engage 
die circumferential region of tissue whereas the first and second end portions are adapted 
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to engage adjacent regions of tissue bordering either side of the circumferential region of 
tissue. The ablation element is adapted to couple to the circumferential band in the 
expanded position to thereby form the middle region for ablatii^ the circumferential 
region of tissue, whereas the first and second end portions or shields are adapted to isolate 
ablative energy fiom the ablation element to the circumferential region of tissue adjacent to 
the circumferential band 

In one aspect of this mode, the circumferential band has a length which is 
substantially shorter tlian the working length of the expandable member, and may be ie^ 
than two-thirds or even one-half the working iengtii of the expandable member. 

In another aspect of this mode, the woricing length is adjustable between a plurality 
of radially expanded positions each having a different expanded outer diameter in the 
region of the circumferential band. The circumferential band of the ablation element is 
adapted to ablate a continuous circuinferential lesion pattern in tissue sur^ 
circumferential band over the range of expanded outer diameters. In one mode of this 
variation, the circumferential band has a secondary shape along the outer surface of the 
working length, such as a modified step, serpentine, or sawtooth shape. 

In another aspect of this mode, the ablation element includes an RF electrode in an 
RF ablation circuit In a particular variation of this aspect, the ablation electrode includes a 
porous membrane along the equatorial or other circumferential band which is adapted to 
pass electrically conductive fluid bom the conductive fluid chamber formed by the 
expandable member and into tissue adjacent to the band, the fluid conductm^ 

tissue in an RF ablation circuit 

In another aspect of this mode, a thermal conductor is coupled to the 

circumferential band and is adapted to emit thermal energy into the cucumferential region 

of tissue adjacent to the circumferential band. 

In another aspect of this mode, the ablation element includes an ultrasound 
transducer which is ultrasonically coupled to the circumferential band and also to the 
circumferential region of tissue adjacent to the circumferential band. 

Ill one beneficial embodiment of this aspect, the ultrasound transducer is fixed to 
the distal end portion of the elongate body and within the expandable member along the 
circumferential band and is further odapied to emit a circumferential pattern of ultrasonic 
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ene^ which couples to the circumferentiai band to thereby iblate circumferential region 

of tissue adjacent thereto. 

In one variation of this ultrasound embodiinent, the ablation eleinent fu^ 

includes a thermal conductor along the circumferential band which is adapted to absorb the 
5 ultrasonic energy from the transducer and to thereby heat and conduct thermal energy into 

the circumferential region of tissue. 

In another detailed variation of the ultrasound embodiment, the ultrasound 

transducer IS also adg^rted to ultrasonically couple to first and seco 

bordering either side of the circumferential band along the woridng length, which end 
10 portions are adapted to engage adjacent regions of tissue bordering opposite sides of the 

circumferential region of tissue to be ablated. Ultrasonic insulators are provided over the 
' end portions in order to form shields to isolate the transmission of ultrasonic energy from 

the ultrasound transducer to the circumferential region of tissue adjacent to the 

circumferential band. 

15 In another aspect of this mode, the ablation element is coupled to a substantial 

portion of the working length of the expandable member mcluding the first and second end 
portions in addition to the circumferential band. According to this aspect, however, 
insulators are provided along the first and second end regions to thereby form the first and 
second shields ad£^)ted to prevent the ablation element from couplmg to and ablatmg the 

20 adjacent regions of tissue. The insulators leave only the circumferential band unshielded 
to form the middle region which is thereby adapted to ablate the circumferential region of 
tissue. 

In another mode of the assembly, the circumferential ablation member is ad^ted 
such that the ablation element couples to and ablates a circumferential region of tissue 
25 left posterior atrial wall which surrounds a pulmonary vem ostium to thereby isolate the 
substantial portion of the posterior left atrial wall. 

In one aspect of this mode, the circumferential ablation member includes an 
expandable member with ia tapered outer surface adapted to conform to the puhnonary vein 
ostium such that a circumferential band that circumscribes the outer surfece is adapted to 
30 engage the circumferential region of tissue surrounding the pulmonary vein ostium. The 
ablation element is adapted to couple to the circumferential band and also to the 
circumferential region of tissue in order to ablate the tissue. 
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According to another mode of the assembly, the distal end portion of the elongate 
member mcludes a cm;iimferential ablation member such as according to the modes just 
described, and also includes a linear ablation member havu^ an eloi^ate ablation element 
length and linear ablation element ivfaich is adapted to form a continuous linear lesion m 

5 tissue adjacent thereto when the linear ablation element is coupled to an ablation actuator. 
In one aspect of this mode, the circumferential ablation member includes ah 
expandable member such as according to the modes just described and which forms a first 
anchor adq)ted to secure a first linear ablation member end at a first location at or adjacent 
to a pulmonary vein ostium along a left atrium wall. A second anchor is also provided 

10 adjacent to a second, opposite end of the linear ablation member end and is ads^ted to 
secure the second linear ablation member end to a second location along the left atrium 
wall. 

In one beneficial variation of this aspect, the second anchor is formed by a stylet 
slideably engaged within a stylet passageway along the elongate body and vMch is 

15 adapted to push the elongate body into another puhnonary vein, wherein the second 
location is at or adjacent to the second pulmonary vein, 

A tissue ablation device assembly is also provided that includes an ablation catheter 
having an elongate body with an anchor adjacent to a linear ablation element, wherein the 
anchor is formed by a stylet slideably engaged within a stylet passageway along the 

20 elongate body such that the stylet when advanced within the stylet passageway to a 
predetermined location is adapted to push a portion of the elongate body adjacent to the 
Imear ablation element into a puhnonary vein through its ostium along the posterior left 
atrial wall. 

In one aspect of this mode, the assembly includes two anchors each adjacent to 
25 opposite end portions of the linear ablation element. A first anchor is adjacent to a distal 
end of the linear ablation element and is adapted to engage a first puhnonary vein. The 
anchor formed by the stylet is a second anchor adjacent a proximal end of the linear 
ablation elemait and is adapted to engage a second pulmonary vein. In one embodiment 
of this aspect, an expandable member is provided along the distal end portion of the 
30 elongate body distally adjacent the distal end of Ihe linear ablation element and is sdapted 
to radially engage the pulmonary vein wall when e)q)anded. In one beneficial variation of 
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this embodiment, the expandable member fonns in part a citcumferential ablation member 
such as according to the particular modes jvBt desaibed. 

Another tissue Ablation device assembly is also provided wWch include an 
elongate body with a linear ablation element secured to its distal end portion that is adapted 
to ablate a region of tissue extending between first and second locations along a posterior 
left atrial wall. An anchor is located along the distal end portion adjacent to a distal end 
portion of the linear ablation element and includes a guidewire tracking member adapted to 
slideably engage and track over a guidewire positioned within a puhnonary vein through 
its ostium, thereby securmg the distal end of the linear d)lation element to a first location 
along the posterior left atrial wall. A stylet is engaged within a stylet passageway along 
the elongate body such that the stylet when advanced within the stylet passageway is 
adapted to secure the proximal end portion of the linear ablation element to a second 
predetermined location along the posterior left atrial wall. 

BRffiF DESCRIPTION OF THE DRAWINGS 

Figure 1 diagrammatically shows sequential, gaieral steps for treating atrial 
arrhythmia according to the method of the present mvention. 

Figures 2A-E diow schranatic, perspective vievw of various exemplary 
circumferential conduction blocks formed in puhnonary vem wall tissue witii ibe 
circumferential ablation device assembly of tiie present inventiwi. 

Figure 3 shows a flow diagram of a metiiod for using the circumferential ablation 
device assembly of the present invention. 

Figure 4 shows a perspective view of a circumferential ablation device assembly 
during use in a left atrium subsequent to perfonnmg transeptal access and guidewire 
positiomr^ steps according to ttfi metiiod of Figure 3. 

Figure 5 shows a similar parspective view of tiie cutumferential ablation device 
assembly shown in Figure 4, and fiirther shows a circumferential ablation catheter during 
use in ablating a circumferential region of tissue along a puhnonary vein wall to fiwm a 
circumferential conduction block in tiie puhnonary vein according to tiie metiiod of Figure 
3. ■ 
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Figure 6A shows a similar perspective view as shown in Figure 5, although 
shovving a further circumferential ablation catheter variation which is adapted to allow for 
blood perfusion from the pulmonary vein and into the atrium while performing the 
circumferential ablation method shovvn diagramatically in Figure 3. 
5 Figure 6B is an enlarged partial view of the circimiferential ablation catheter shpwn 

in Figure 6A, with a perfusion lumen shown in phantom. 

Figure 7 shows a similar perspective view of the left atrium as that shown in 
Figures 3-5, although showing a cross-sectional view of a circumferential lesion after 
being formed by circumferential caflieter ablation according to the metiiod of Figure 3 . 
10 Figures 8A-B show perspective views of another circumferential ablation catheter 

variation during use in a left atrium according to the method of Figure 3, wherein Figure 
' 8A shows a radially compliant expandable niember with a woridng length adjusted to a 
radially expanded position while in the left atrium, and Figure 8B shows the expandable 
member after advancmg it into and engaging a puUnonary vein ostium while in the radially 
\i expanded position. 

Figure 8C shows the same perspective view of flie left atrium shown in Figures 8A- 
B, although shown after formmg a circumferential conduction block according to ttie 
circumferential ablation procedure of Figure 3 and also after removing the circumferential 
ablation device assembly from the left atrium. 
20 Figure 8D shows another circumferential ablation catheter during use in a left 

atrium, and shows an expandable member in a radially expanded position which is 
engaged within a pulmonary vein ostixmi such tiiat a circumferential band of a 
circumferential ablation element circumscribing the expandable member is also engaged to 
a circumferential path of tissue along the left posterior atrial wall which surrounds the 
25 pulmonary vein ostium. 

Figure 8E shows one particular expandable member and circumferential ablation 
element which is adapted for use according to the mode of use shown in Figure 8D. 

Figure 8F shows a resulting circumferential conduction block or lesion which may 
be formed with tiie assemblies shown in Figures 8D-E and according to tiie method of use 
30 shown ui Figure 8D. 

Figure 9A diagrammatically shows a method for using the circumferential ablation 
device assembly of the present invention by formmg a circumferential conduction block in 
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a pulmonary vein in combination with a method for fiorming long linear lesions between 
puhnpnary vein ostia in a less-invasive "maze"-type procedure. 

Figure 9B sho4s a perspective view of a segmented left atrium after forming 
several long linear lesions between adjacent pairs of pulmonary vein ostia accordmg to the 
method of Figure 9A. 

Figure 9C shows a similar perspective view as that shown in Figure 9B, although 
showing a circumferential ablation device assembly during use in forming a 
circumferential lesion in a puhnonary vem which intersects with two linear lesions that 
extend into the puhnonary vein, accordii^ to the method of Figure 9A. 

Figure 9D shows a perspective view of another ablation catheter which combines a 
Imear ablation member extending between two anchors with a circumferential ablation 
member for use in forming a circumferential lesion which intersects witii at least one linear 
lesion according to the mediod of Figure 9A. 

Figure 9E shows a perspective view of anotiier circumferential ablation catheter for 
use in forming a circumferential lesion which intersects witii at least one linear lesion 
according to the method of Figure 9A. 

Figure 9F shows a perspective view of a segmented left posterior atrial wall with a 
lesion pattern which results from combming tiie formation of two linear lesions according 
to Figure 9B witti tiie formation of a curcumferential conduction block according to tiie 
methods and devices shown in Figures 8A-C. 

Figure 9G shows a perspective view of a segmented left posterior atrial wall witii a 
lesion pattern which results from combining tfie formation of two linear lesions according 
to Figure 93 witii the formation of a circumferential conduction block accordmg to flie 
methods and devices shown in Figures 8D-F. 

Figure 9H shows a schematic perspective view of a left posterior atrial wall with 
one complete lesion pattem in a variation of a less-mvasive "maze"-type procedure 
wherein circumferential conduction blocks arc formed along circumferential paths of tissue 
along a left posterior atrial wall such tiiat each circumferential conduction block surrounds 
a puhnonary vein ostium, each pair of vertically adjacent circumferential conduction 
blocks intersects, and each pair of horizontally adjacent circumferential conduction blocks 
are connected witii one of two linear lesions extmding between tiie respective pah: of 
horizontally adjacent puhnonary vein ostia. 
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Figure 10 diagrammatically shows a further method for using the circumferential 
ablation device assembly of the present invention to fonn a circumferential conduction 
block in a puhnonary vein wall, wherein signal monitoring and ''post-ablation^' test 
elements are used to locate an anfaythmogenic origin along the puhnonary vein wall and to 
S test the efficacy of a circumferential conduction block in the wall, respectively. 

Figures llA-B show perspective views of one circumferential ablation member 
variation for use in the circumferentiai ablation device assembly of the present invention, 
showing a circumferential ablation electrode circumscribing the working length of an 
expandable member with a secondary shape along the longitudinal axis of the working 
10 length which is a modified step shape, the expandable member being shown in a radially 
collapsed position and also in a radially expanded position, respectively. 

Figures 1 IC-D show perspective views of two circumferential ablation electrodes 
which form equatorial or otherwise circumferentially placed bands that circumscribe the 
working length of an e>q3andable member and that have serpentine and sawtooth secondary 
15 shapes, respectively, relative to the longitudinal axis of the expandable member when 
adjusted to a radially expanded position. 

Figures 12A-B show perspective views of another circumferential ablation element 
which includes a plurality of individual ablation electrodes that are spaced 
circumferentially to form an equatorial band which circumscribes the working length of an 
20 expandable member either in an equatorial location or an otherwise ckcumferential 
location that is bounded both proximally and distally by the working length, and which are 
adapted to form a continuous circumferential lesion vAdlt the workmg leagth is adjusted to 
a radially expanded position. 

Figure 13 shows a cross-sectional view of another circumferential ablation member 
25 for use in the circumferential ablation device assembly according to the present invention, 
wherein the circumferential ablation element circumscribes an outer surfiace of an 
expandable member substantially along its working length and is insulated at both the 
proximal and the distal ends of tiie woricing lengtii to thereby form an uninsulated 
equatorial band in a middle region of the working length or otherwise circumferential 
30 region of tiie working ler^ which is bounded both proximally and distally by end 
portions of the workmg lengtii, vMch member is adapted to ablate a circumferential path 
of tissue in a pulmonary wall adjacent to the equatorial band. 
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Figure 14 shows a perspective view of another circumferential ablation member 
which is adapted for use in the circumferential ablation device assembly of the present 
invention, wherein the expandable member is shown to be a cage of coordinating wires 
which are adapted to be adjusted from a radially collapsed position to a radially expanded 
5 position in order to engage electrode elements on die wires about a circumferential pattern 
of tissue in a pulmonary vein wall. 

Figure 15 shows a cross-sectional view of another circumferential ablation element 
which is adapted for use in tiie circumferential ablation device assembly of tiie present 
mvention. A superelastic, looped electrode element is shown at tiie distal end of a push^ 
10 and is adapted to circumferentially engage puhnonary vein wall tissue to form a 
circumferential lesion as a conduction block tiiat circumscribes tiie pulmonary vein lumen. 

Figure 16A shows a longitudinal cross-sectional view of another circumferential 
ablation catiieter according to die present invention, and shows tiie ablation element to 
include a single cylindrical ultrasound transducer which is positioned along an inner 
15 member witiun an expandable balloon which is further shown m a radially expanded 
condition. 

Figure 16B shows a transverse cross-sectional view of the circumferential ablation 
catheter shown in Figure 16A taken along line 16B-16B shown in Figure 16A. 

Figure 16C shows a transverse cross-sectional view of tiie cuxjumferential ablation 
20 catiieter shown in Figure 16A taken along line 16C-16C shown in Figure 16A. 

Figure 16D shows a perspective view of the ultrasonic transducer of Figure 16A in 
isolation. 

Figure 16E shows a modified version of die ultrasonic transducer of Figure 16D 
with individually driven sectors. 

25 Figure 17A shows a perspective view of a similar circumferential ablation catheter 

to tiie catiieter shown in Figure 16A, and shows tiie distal end portion of tfie 
circumferential ablation catiieter during one mode of use in forming a circumferential 
conduction block in a puhnonary vein m tiie region of its ostium along a lefk atrial wall 
(shown in cross-section in shadow). 

30 Figure 17B shows a similar perspective and cross-section shadow view of a 

circumferential ablation catiieter and pulmonary vein ostium as tiiat shown in Figure 17 A, 
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although shows another circumferential ablation catheter wherein the balloon has a tapered 
outer diameter. 

Figure 17C shows a sunilar view to that shown in Figures 17A-B, although 
showing another circumferential ablation catheter wherein the balloon has a "pear"-shaped 
5 outer diameter with a contoured surface along a taper which is adapted to seat in the ostium 
ofapiihnonary vein. 

Figure 17D shows a cross*sectional view of one circumferential conduction block 
which may be formed by use of a circumferential ablation catheter such as that shown in 
Figure 17C. 

10 Figure 18A shows a cross-sectional view of the distal end portion of anoth^ 

circumferential ablation catheter accordmg to the present invention, wherein an outer 
shield or filter is provided along the balloon's outer surface in order to form a 
predetermined shi^ for the circumferential ablation element created by sonic 
transmissions from the iimer ultrasound transducer. 
15 Figure 18B shows a similar view as that shown in Figure 18A, although showing 

die distal end portion of another circumferential ablation catheter which includes a heat 
sink as an equatorial band within the circumferential pafli of energy emission from an imier 
ultrasound transducer. 

Figure 19A shows a transverse cross-sectional view of an additional circumferential 
20 ablation catheter according to the present invention, and shows the ablation element to 
include a single transducer sector segment which is positioned along an iimer member 
within an esqjandable balloon which is further shovm in a radially expanded condition. 

Figure 19B shows a transverse cross-sectional view of a further circumferential 
ablation catheter according to the present invention, and shows the ablation element to 
25 include a single curvilinear section that is mounted so as to position its concave sur&ce 
facing in a radially outward direction. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As wUl be described with reference to the detaUed embodim 
invention is a cireumfeiential ablation device assembly which is adapted to treat patiente 
5 ' with atrial arrhythmia by forming a cucumferential conduction block in a puhncmaiy van 
\\iiich blocks electrical conduction along the longitudinal axis of the puhnonary vein wall 
and mto the left atrium. The related method of treatment is further illustrated iii 
diagrammatical form in the flow diagram of Figure 1 . 

The terms "circumference" or "circumfanential", including derivatives thereof, are 
10 herein intended to inean a continuous path or line which forms an outer border or perimeter 
that surrounds and tiiereby defines an enclosed region of space. Such a continuous pafli 
' starts at one location along the outer border or perimeter, and translates along flie outor 
border or perimeter until it is completed at the original starting location to enclose the 
defined region of space. The related term "circumscribe," including derivatives tiiereof, is 
15 herein intended to mean to enclose, surround, or encompass a defined region of space. 
Therefore, according to tiiese defined terms, a continuous line vMch is traced around a 
region of space and which starts and ends at the same location "circumscribes" the region 
of space and has a "circumference" which is defined by ti»e distance the line travels as it 
translates along the path circumscribmg tiie space. 
20 Still fiirther, a cireumferential path or element may mclude one or more of several 

shapes, and may be, for example, circular, oblong, ovular, elliptical, or otherwise planar 
enclosures. A circumferential path may also be three dimensional, such as, for example, 
two opposite-facing semi-chcular paths in two different parallel or ofF-axis planes which 
are connected at tiieir ends by line segments bridging between the planes. 
25 For purpose of fiirther illustration. Figures 2A-D therefore show various 

circumferential paths A, B, C, and D, respectively, each translating along a portion of a 
puhnonary vein wall and circumscribing a defined region of space, shown at a, b, c, and d 
also re^)ectively, each circumscribed r^ion of space being a portion of a puhnonary vem 
lumen. For still fiirther illustration of the tiiree-dunensional circunoferential case shown m 
30 Figure 2D, Figure 2E shows an ratploded perspective view of circumferentiai path D as it 
circumscribes multiplanar portions of tiie puhnonary vem lum«i shown aid', d'\ and d"\ 
v^diich together make up region d as shown in Figure 2D. 
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The tenn 'transect", including derivatives thereof, is ialso herein intended to mean 
to divide or separate a region of space into isolated regions. Thus, each of the regions 
circumscribed by the circumferential paths shown in Figures 2A-D transects the respective 
puhnonary vem, including its lumen and its wall, to the extent that tiie respective 

5 pulmoiiary vein is divided into a first longitudinial region located on one side of the 
transecting region, shown, for example, at region "Jl" in Figure 2 A, and a second 
longitudinal region on the other side of the transecting plane, shown, for example, at region 
"r also in Figure 2A. 

Therefore, a "circumferential conduction block" accordmg to the present invention 

10 is formed along a region of tissue which follows a circumferential path along the 
pulmonary vein wall, circumscribing tiie pulmonary vein lumen and transecting tiie 
pulmonary veui relative to electrical conduction along its longitudinal axis. The 
transecting circumferential conduction block therefore isolates electrical conduction 
between opposite longitudmal portions of the pulmonary wall relative to the conduction 

15 block and along the longitudmal axis. 

The terms "ablate** or "ablation," including derivatives thereof, are hereafter 
intended to mean the substantial altering of the mechanical, electrical, chemical, or other 
structural nature of tissue. In the context of intracardiac ablation applications shown and 
described with reference to the variations of the illustrative embodiment below, "ablation" 

20 is intended to mean sufGcient altering of tissue properties to substantially block conduction 
of electrical signals firom or through the ablated cardiac tissue. 

The term "element" within the context of "ablation element" is herem mtended to 
mean a discrete element, such as an electrode, or a plurality of discrete elements, such as a 
plurality of spaced electrodes, which are positioned so as to collectively ablate a region of 

25 tissue. 

Therefore, an "ablation element" according to the defined terms may include a 
variety of specific structures adapted to ablate a defined region of tissue. For example, one 
suitable ablation element for use in the present invention may be formed, according to the 
teachings of the embodiments below, from an "energy emitting" type which is adapted to 
30 emit energy sufficient to ablate tissue ^en coupled to and energized by an energy source. 
Suitable "energy emitting" ablation elements for use in the present invention may therefore 
include, for example: an electrode element adapted to couple to a direct current ("DC*) or 
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alternating current ("AC") current source, such as a radiofrequency ("RFO current source; 
an antenna element vMdi is energized by a microwave energy source; a heating dement, 
such as a metallic element or other themial conductor which is energized to emit heat such 
as by convective or conductive heat transfer, by resistive heating due to current flow, or by 
5 optical heatmg with light; a light emitting element, such as a fiber optic element which 
transmits light sufficient to ablate tissue when coupled to a light source; or an ultrasonic 
element such as an ultrasound crystal element which is adapted to emit ultrasonic sound 
waves sufficient to ablate tissue when coupled to a suitable excitation source. 

In addition, other elements for altering the nature of tissue may be suitable as 
10 "ablation elements'' under the present invention when ad^ted according to the detailed 
description of the invention below. For example, a cryoblation element ad^rted to 
' sufficientiy cool tissue to substantially alter the structure tfiereof may be suitable if ad^ted 
according to the teachings of the current invention. Furthermore, a fluid deliveiy element, 
such as a discrete port or a plurality of ports vAich are fluidly coiq^led to a fluid delivery 
15 source, may be adapted to infiise an ablating fluid, such as a fluid containing alcohol, into 
the tissue adjacent to the port or ports to substantially alter the nature of that tissue. 

The term "diagnose", including derivatives thereof, is intended to include patients 
suspected or predicted to have atrial arrhytiraiia, in addition to those having specific 
symptoms or mapped electrical conduction indicative of atrial arrhythmia. 
20 Returning to the inventive method as shown in Figure 1, a patient diagnosed with 

alrial arrhythmia according to diagnosing step (1) is treated with a circumferential 
conduction block according to treatment step (2). In one aspect, a patient diagnosed 
according to diagnosis step (1) with multiple wavelet arrhythmia originating from multiple 
regions along the atrid wall may also be treated in part by fonnii^ the circumf^ 
25 conduction block according to treatment step (2), although as an adjunct to formmg long 
linear regions of conduction block between adjacent pulmonary vein ostia in a less- 
mvasive"maze"-type catheter ablation procedure. More detail regarding this particular 
aspect of the inventive method is provided below with reference to a combmation 
circumferential-long linear lesion ablation device which is desmbed below with reference 
30 to Figures 9A-F. 

In another aspect of the metiiod of Figure 1 , a patient diagnosed witii focal 
arrhythmia originating from an arrhythmogenic origin or fociis in a pulmonary vem is 
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treated according to this method when the circumferential conduction block is formed 
along a circumferential path of wall tissue that either includes the arrhythmogenic origin or 
is between the origin and the left atrium. In the former case, the arrhythmogenic tissue at 
the origin is destroyed by the conduction block as it is fonned through that fo^ In the 

5 latter case, the arriiythmogenic focus may still conduct abnormally, although such aberrant 
conduction is prevented from entering and affecting the atrial wall tissue due to tiie 
intervening circumferential conduction block. 

In still a further aspect of the method shown in Figure 1 , the circumferential 
conduction block may be formed in one of several ways according to treatment step (2). In 

1 0 one example not shown, the circumferential conduction block may be formed by a surgical 
mcision or other method to mechanically transect the puhnonary vein, followed by 
^ suturing the transected vein back togetiier. As the circumferential injury is naturally 
repaired, such as through a physiologic scarring response conmion to the ''maze*' 
procediue, electrical conduction will generally not be restored across the injury site. In 

1 5 another example not shown, a circumferential conduction block of one or more puhnonary 
veins may be performed in an epicardial ablation procedure, wherein an ablation element is 
either placed around the target pulmonary vein or is translated circumferentially around it 
while being energized to ablate the adjacent tissue in an "outside-in" ^proach. This 
alternative method may be performed during an open chest-type procedure, or may be done 

20 using other known epicardial access techniques. 

Figure 3 diagrammatically shows the sequential steps of a method for using the 
circumferential ablation device assembly of the present invention in forming a 
cuxumferential conduction block in a pulmonary vein. The circumferential ablation 
method accordmg to Figure 3 includes: positioning a circumferential ablation element at an 

25 ablation region along the pulmonary vein according to a series of detailed steps shown 
collectively in Figure 3 as positioning step (3); and thereafter ablatuig a continuous 
circumferential region of tissue in the PV wall at the ablation region according to ablation 
step (4). 

Furtiier to positioning step (3) according to the method of Figure 3, a distal tip of a 
30 guiding catheter is first positioned within the left atrium according to a traiiseptal access 
method, which is fiuther described in more detail as follows. The right venous system is 
first accessed using the ''Seldingef ' technique, wherein a peripheral vein (such as a femoral 
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vein) is punctured with a needle, the puncture wouiid is dilated with a dilator to a size 
sufficient to acconnnodate an introducer sheath, and an introducer sheath with at least one 
hemostatic valve is sea4d within the dilated puncture wound while maintaining relative 
hemostasis! With the introducer sheath in place, the guiding catheter or sheath is 

5 introduced through the hemostatic valve of the introducer sheath and is advanced along the 
peripheral vein, into the region of the vena cavae, and into the right atrium. 

Once in the right atrium, the distal tip of the guiding catheter is positioned against 
the fossa ovalis in the jntraatrial septal wall. A "Brockenbrough" needle or trocar is then 
advanced distally through the guide catheter until it punctures die fossa ovalis. A separate 

10 dilator may also be advanced with the needle through the fossa ovalis to prepare an access 
port through the septum for seating the guiding catheter. The guidmg catheter thereafter 
replaces Ae needle across the septum and is seated in the left atrium through the fossa 
ovaUs, thereby providing accws for object devices through its own mner lumen and into 

the left atrium. , 
15 It is however ftirther contemplated that other left atrial access methods may be 

suitable substitutes for using the circumferential ablation device assembly of the present 
invention. In one alternative variation not shown, a "retrograde" approach may be used, 
wherein the guidmg catheter is advanced into the left atrium from the arterial system. In 
this variation, the Seldinger technique is employed to gain vascular access into the arterial 
20 system, rather than tiie venous, for example, at a femord artery. The guiding catheter 
advanced retrogradedly tiirov«h the aorta, around the aortic arch, mto die ventricle, and 
then into the left atrium through the mitral valve. 

Subsequent to gaining transeptal access to the left atrium as just described, 
positioning step (3) according to Figure 3 next includes advancmg a guidewu* into a 
25 puhnonaiy vein, which is done generally tiirough die guiding catheter seated in die fossa 
ovalis. In addition to the left atiial access guidmg catheter, die guidewire according to tiiis 
variation may also be advanced into the puhnonaiy vem by duecting it into die vem witii a 
second sub-selective deUvery catheter (not shown) which is coaxial within tiie guiding 
catheter, such as. for example, by using one of the dhectional catiieters disclosed in US 
30 Patent No. S.575,766 to Swartz. Or, the guidewue may have sufficient stif&iess and 
maneuverabiUty m the left atrial cavity to unitarily subselect tiie desired puhnonaiy vem 
distally of die guidmg cadieter seated at die fossa ovalis. 
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Suitable guidewire designs for use in the overall circumferential ablation device 
assembly of the present mvention may be selected bom previously known designs, while 
generally any suitable choice should include a shaped, radiopaque distal end portion with a 
relatively stiff, torquable proximal portion adsqpted to steer the shaped tip under X-ray 
5 visualization. Guidewires having an outer diameter ranging from .010" to .035" may be 
suitable. In cases where the guidewire is used to bridge the atrium from the guiding 
catheter at the fossa ovalis, and where no other sub-selective guiding catheters are used, 
guidewires having an outer diameter ranging from .018*' to .035" may be required. It is 
believed that guidewires within this size range may be required to provide sufficient 
10 stiffiiess and maneuverability in order to allow for guidewire control and to prevent 
undesirable guidewire prolapsing withm the relatively open atrial cavity. 

Subsequent to gaming pubnonary vein access, positioning step (3) of Figure 3 next 
includes tracking the distal end portion of a circumferential ablation device assembly over 
the guidewire and into the pubnonary vein, followed by positioning a circumferential 
ablation element at an ablation region of the pulmonary vein where the circumferential 
conduction block is to be desirably formed. 

Figures 3-4 further show a circumferential ablation device assembly (100) 
according to the present invention during use in performing positioning step (3) and 
ablation step (4) just described with reference to Figure 3. Included in the circumferential 
20 ablation device assembly (100) are guiding catheter (101), guidewire (102), and 
circumferential ablation catheter (103). 

More specifically, Figure 4 shows guiding catheter (101) subsequent to perfomung 
a transeptal access method according to Figure 3, and also shows guidewire (102) 
subsequent to advancement and positioning within a pulmonary vein, also accordiz^ to 
25 step (3) of Figure 3. Figure 4 shows circumferential ablation catheter (103) as it tracks 
coaxially over guidewire (102) with a distal guidewire tracking member, which is 
specifically shown only in part at fu-st and second distal guidewire ports (142,144) located 
on the distal end portion (132) of an elongate catheter body (130). A guidewire lumen (not 
shown) extends between the first and second distal guidewire ports (142,144) and is 
30 adapted to slideably receive and track over the guidewire. In the particular variation of 
Figure 4, the second distal guidewire port (142) is located on a distal end portion (132) of 
the elongate catheter body (130), although proximally of first distal guidewue port (142). 
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As would be apparent to one of ordinary skill, the distal guidewire tracking 
member shown in Figure 4 and just described may be slideably coupled to the guidewire 
externally of the body in a "backloading" technique after the guidewire is first positioned 
in the puhnonary vein. Furthermore, there is no need in this guidewire tracking variation 
5 for a guidewire lumen in the proximal portions of the elongate catheter body (130), which 
allows for a reduction in the outer diameter of the catheter shaft in that region. 
Nevertheless, it is further contemplated that a design which places the second distal 
guidewire port on the proximal end portion of the elongate catheter body would also be 
acceptable, as is described below^ for example, with reference to the perfusion embodiment 
10 of Figures 6A-B. 

In addition, the inclusion of a guidewire lumen extending within the elongate body 
between fust and second ports, as provided in Figure 4, should not limit the scope of 
acceptable guidewire tracking members according to the present invention. Other 
guidewire tracking members which form a bore adapted to slideably receive and track over 
15 a guidewire are also considered acceptable, such as, for example, the structure adapted to 
engage a guidewire as described in U.S. Patent No. 5,505,702 to Amey, the entirety of 
which is hereby incorporated by reference herein. 

While the assemblies and methods shown variously throughout the Figures include 
a guidewire coupled to a guidewire tracking member on the circumferential ablation 
20 catheter, other detailed variations may also be suitable for positioning tiie circumferential 
ablation element at the ablation region in order to form a circumferential conduction block 
there. For example, an alternative circumferential ablation catheter not shown may mclude 
a "fixed-wire"-type of design wherein a guidewire is integrated into the ablation catheter as 
one unit. In another alternative assembly, the same type of sub-selective sheaths described 
25 above witii reference to U.S. Patent No. 5,575,766 to Swartz for advancing a guidewire 
into a puhnonary vein may also be used for advancing a circumferential ablation catheter 
device across the atrium and into a puhnonary veiiL 

Figure 4 also shows ckcumferential ablation catheter (103) with a circumferential 
ablation element (160) formed on an expandable member (170). The expandable member 
30 (170) is shown in Figure 4 in a radially collapsed position adq)ted for percutaneous 
translumenal delivery into the pulmonary vein according to positioning step (3) of Figure 
3. However, expandable member (170) is also adjustable to a radially expanded position 
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when actuated by an expansion actuator (175), as shown in Figure 5. Expansion actuator 
(175) may include, but is not limited to, a pressurizeable fluid source. According to the 
expanded state shown in Figure 5, expandable member (170) includes a working length L 
relative to the longitudinal axis of the elongate catheter b^^ 
s ' outer diameter OD than when in the radially collapsed position. Furthermore, the 
expanded outer diameter OD is sufficient to ckcumferentially engage the ablation region of 
the pulmonary vein. Thwefoie, the terms "working length" are herein intended to mean 
the length of an expandable member which, when in a radially expanded position, has an 
expanded outer diameter that is: (a) greater than the outer diameter of the expandable 
10 member when in a radially collapsed position; and (b) sufficient to engage a body space 
wall or adjacent ablation region surrounding the expandable member, at least on two 
I opposing internal sides of the body space wall or adjacent ablation region, with sufficient 
surface area to anchor the expandable member. 

Circumferential ablation element (160) also mcludes a cux:umferential band (152) 
is on the outer surface of woiking length L which is coupled to an ablation actuator (190) at a 
proximal end portion of the elongate catheter body (shown schematically). After 
expandable member (170) is adjusted to the radially expanded position and at least a 
portion of working length I circumferentially engages the pulmonary vein wall in the 
ablation region, the circumferential band (152) of the circumferential ablation element 
20 (160) is actuated by ablation actuator (190) to ablate the surrounding circumferential path 
of tissue iti the pulmonary vem wall, thereby forming a circumferential lesion that 
circumscribes the puhnonary vein lumen and transects the electrical conductivity of the 
puhnonary vein to block conduction in a duection along its longitudinal axis. 

Figure 6 A shows another circumferential ablation catheter (203) during use also 
25 according to the method of Figiure 3, wherem a perfusion lumen (260) (shown in phantom 
in Figure 6B) is formed within the distal end portion (232) of elongate catheter body (230). 
The perfusion lumen (260) in this example is formed between a distal perfusion port, 
which in this example is the first distal guidewire port (242), and proximal perfusion port 
(244). Proximal perfusion port (244) is formed through the wall of the elongate catheter 
30 body (230) and communicates with the gmdewire lumen (not shown) which also forms the 
perfusion lumen between the distal and proximal perfiision ports. In tfie particular design 
shown, after the guidewire has provided for the placement of the ablation element into the 
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pulmonary vein, the guidewiie is withdrawn proximally of the proximal perfusion port 
(244) (shown schematically in shadow) so that the lumen between the ports is clear for 
antegrade blood flow into the distal perfusion port (242), proximally along the perfusion 
lumen, out the proximal perfusion port (244) and into the atrium (perfusion flow shown 
5 schematically with arrows). 

Further to the perfusion design shown in Figures 6A-B, guidewire (102) is 
positioned in a guidewire lumen which extends the entire length of the elongate catheter 
body (230) in an "over-the-wire"-type of design, whidi facilitates the proximal withdrawal 
of &e guidewire to allow for perfiision virile maintaining the ability to subsequently 
10 readvance the guidewiie distally through the fust distal guidewiie port (242) for catheter 
repositioning. In one alternative variation not shown, the guidewire is simply withdrawn 
' and disengaged from the second distal guidewiie port (244), in which case the 
circumferential ablation catheter must generally be withdrawn from the body in order to 
recouple the distal guidewire ttacking member with the guidewire. 
13 In another alternative perfiision variation not shown which is a modification of the 

embodiment of Figure 6A, a proximal perfusion port is provided as a separate and distinct 
port positioned between the second distal guidewire port (244) and the expandable member 
(270), whidi allows for proximal withdrawal of ttie guidewire to clear the guidewire lumen 
and thereby form a perfusion lumen between the first distal guidewiie port and the 
20 proximal perfusion port The guidewire of this alternative variation, however, remains 
engaged within the guidewire lumen between the second distal guidewire port and the 
proximal perfusion port. 

Passive perfusion during expansion of the expandable member is believed to 
minimize stasis and allow the target pulmonary vein to continue in its atrial fiUing fimction 
25 during the atrial arrhythmia treatment procedure. Without this perfusion feature, the 
expandable member when in the radially expanded position during ablation blocks the 
flow from the vein into the atrium, vMch flow stasis may result in undesirable 
thrombogenesis in the puhnonary vein distally to the e:q)andable member. In addition, in 
cases where the ablation element is adapted to ablate tissue with heat conduction at the 
30 ablation region, as described by reference to more detailed embodiments below, the 
perfiision feature according to the variation of Figures 6A-B may also provide a coolii^ 
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function in the surrounding region, including in the blood adjacent to the expandable 
member. 

MoreovCT, in ad4tion to the specific per&sion structure shown and described by 
reference to Figures 6A-B, it is to be further understood that other structurd varM^ 
5 allow for perfuaon flow during expansion of the wcpandable element may provide suitable 
substitutes accordii« to one of ordinary skill without dqwrting ftom the scope of Ae 
present invention. 

Figure 7 shows pulmonary vein (52) after removing iflie circumferential ablation 
device assembly subsequent to forming a circumferential lesion (70) around the ablation 
10 region of the puhnonary vein wall (53) according to the use of the circumferential ablation 
device assembly shown in stepwise feshion in Figures 3-6. Circumferential lesion (70) is 
shown located along the puhnonary vein adjacent to flie puhnonary y&n ostium (54), and 
is shown to also be "transmural," v**ich is herein intended to mean extending conq)letely 
through the wall, fiom one side to the other. Also, the circumferential lesion (70) is shown 
15 in Figure 7 to form a "continuous" cireumferential band, which is hwein intended to mean 
without gaps around the puhnonary vem wall cncumference, thereby circumscribing the 
pulmonary vein lumen. 

It is believed, however, that circumferential catheter ablation with a circumferential 
ablation elemrait accordmg to the present invention may leave some tissue, either 
20 transmuraliy or along tiie circumference of the lesion, which is not actually ablated, but 
vMch is not substantial enough to allow for the passage of conductive signals. Therefore, 
the terms "transmural" and "continuous" as just defined are mtraided to have functional 
lunitations, wherein some tissue m the ablation region may be unablated but tiiere are no 
fimctional g^ vMch allow for synq)tomatically anhytiunogenic signals to conduct 
25 through the conduction block and into tiie atrium fiom the puhnonary veiiL 

Moreover, it is believed that tiie functionally transmural and continuous lesion 
qualities just described are characteristic of a completed circumferential conduction block 
m the puhnonary vein. Such a circumferential conduction block thereby transects the vem, 
isolating conduction between the portion of tiie vem on one longitudinal side of tiie lesion 
30 and tiie portion on tiie otiier side. Therefore, any foci of origmating anhytiunogenic 
conduction v*ich is opposite tiie conduction block firem tiie atrium is prevented by tiie 
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conduction block from conducting down into the atrium and atrial arrhythmic affects are 
therefore nullified. _ 

Figures 8A-B show a fiirther variation of the present invention, wherein a 
circumferential ablation member (350) includes a radially compliant expandable member 
(370) which is ad^ted to conform to a puhnonary vein ostium (54) at least in part by 
adjusting it to a radially expanded position while in the left atrium and then advancing it 
into the ostium. Figure 8A shows expandable member (370) after being adjusted to a 
radially expanded position while located in the left atrium (50). Figure 8B fiorther shows 
expandable member (370) after being advanced into tiie puhnonary vein (52) until at least 
a portion of tiie expanded woricing lengtii L of circumferential abhition member (350), 
which includes a circumferential band (352), engages die pulmonary vein ostium (54). 
' Figure 8C shows a portion of a circumferential lesion (72) which forms a circumfeiential 
conduction block in die region of the puhnonary vein ostium (54) subsequent to actuating 
die circumferential ablation element to form tiie circumferential lesion. 

In addition to conforming to die pulmonary vein ostium, expandable member (370) 
is also shown m Figure 8B to engage a circumferential path of tissue along tiie left 
posterior atrial wall which surrounds ostium (54). Moreover, circumferential bank (352) of 
the circumferential ablation member is also thereby adapted to engage that atrial wall 
tissue. Therefore, the circumferential conduction block formed according to tiie metiiod 
shown and just described in sequential steps by reference to Figures 8A-B, as shown in- 
part in Figure 8C, includes ablating die circumferential path of atrial wall tissue vvhich 
surrounds ostium (54). Accordingly, the entire puhnonary vein, including die ostium, is 
diereby electrically isolated from at least a substantial portion of die left atrial wall which 
includes die otiier of die puhnonary vein ostia, as would be apparent to one of ordinary 
skill according to tiie sequential mediod steps shown in Figures 8A-B and by fiirdier 
reference to die resulting circumferential lesion (72) shown m Figure 8C. 

Figures 8D-E show anodier highly beneficial circumferential ablation device 

embodiment and use diereof for electrically isolating puhnonary vem and ostium from a 
substantial portion of the left posterior atrial waU. However, unlike die enabodiment 
previously shown and described by reference to Figures 8A-C, die Figure 8D-E 
embodiment isolates die pulmonary vem widiout also ablating tissue along the lumen or 
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lining of the pulmonary v^in or ostium, as is apparent by reference to the resulting 
circumferential conduction block shown in Figure 8£ 

In more detail, Figure 8D shows a similar device assembly as that shown in Figures 
SA-B, except that circuniferehtial band (3520 has a geometry (prini^ 

5 position along expandable member (370') such that it is adapted to ei^age only a 
circumferential path of tissue along the left posterior atrial wall which surrounds the 
pulmonary vein ostium. In one aspect of this embodiment, the compliant nature of the 
expandable member may be self-conforming to the region of the ostium such that the 
circumferential band is placed against this atrial wall tissue merely by way of 

10 conformability. 

In another varisdon, a *'pear"-shaped expandable member or balloon t^^ 
contoured taper may be suitable for use according to the Figure 8D embodunent, as is 
shown by way of example in Figure 8E. Such a pear shiq)e may be preformed into the 
expandable member or balloon, or the member may be adq>ted to form this sh24)e by way 

i 5 of controlled compliance as it expands, such as for example by the use of composite 
structures within the balloon construction. In any case, according to the "pear^'-shaped 
variation, the circumferential band (352') of the ablation member is preferably placed along 
the surface of the contoured taper which is adapted to face the left posterior atrial wall 
during use according to the method illustrated by Figure 8D. It is further contemplated 

20 that the ablation element may be further extended or aitematively positioned along other 
portions of the taper, such as is shown by example m shadow at extended band (352") in 
Figure 8E. Accordingly, the variation shown in Figure 8E to include extended band (352") 
may also ads^ this particular device embodiment for use in fonning circumferential 
conduction blocks also along tissue within the pulmonary vein and ostixmi, such as 

25 according to the previously described method shown in Figures 8A-C. 

The method of forming a circumferential conduction block along a circumferential 
path of tissue along a left posterior atrial wall and which surrounds a pulmonary vein 
ostixmi without ablating the tissue of the vein or ostium should not be limited to the 
particular device embodiments just illustrated by reference to Figures 8D-F. Other device 

30 variations may be acceptable substitutes for use according to this method. In one particular 
example vdiich is believed to be suitable, a "looped" ablation member such as tiie 
embodiment illustrated below by reference to Figure 15 may be adapted to form a "looped" 
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conduction block from conducting down into the atrium and atrial airhythmic affects are 
iherefore nullified. 

Figures 8A-B show a fiirther variation of the present invention, wherein a 
circumferential ablation member (350) includes a ladiaUy compliant expandable member 
(370) which is adapted to conform to a puhnonary vein ostium (54) at least in part by 
adjusting it to a radially expanded position while m the left atrium and then advancing it 
into the ostium. Figure 8A shows expandable member (370) after being adjusted to a 
radially expanded position while located in the left atrium (50). Figure 8B fiirther shows 
expandable member (370) after being advanced into the puhnonary vein (52) until at least 
a portion of the expanded woricing lengfli L of circumferential ablation member (350), 
which includes a circumferential band (352), engages the puhnonary vein ostium (54). 
Figure 8C shows a portion of a circumferential lesion (72) which forms a circumferential 
conduction block in the region of the puhnonary vein ostium (54) subsequent to actuating 
the circumferential ablation element to form the circumferential lesion. 

In addition to conforming to the pulmonary vein ostium, expandable member (370) 
is also shown in Figure 8B to engage a circumferential path of tissue along the left 
posterior atrial wall which surrounds ostium (54). Moreover, circumferential bank (352) of 
the circumferential ablation member is also thereby adapted to engage that atrial wall 
tissue. Therefore, the cucumferential conduction block formed according to the method 
shown and just described in sequential steps by reference to Figures 8A-B, as shown in- 
part in Figure 8C, includes ablatii^ the circumferential path of atiial wall tissue vMdi 
surrounds ostium (54). Accordingly, the entire puhnonary vein, including the ostium, is 
thereby electrically isolated from at least a substantial portion of die left atrial wall which 
includes tiie other of the pulmonary vein ostia, as would be apparent to one of ordinary 
25 skill according to the sequential method steps shown in Figures 8A-B and by fiirther 
reference to the resulting circumferential lesion (72) shown m Figure 8C. 

Figures 8D-E show another highly beneficial circumfaential ablation device 

embodiment and use tiiereof for electrically isolating puhnonary vein and ostium fixim a 
substantial portion of the left posterior atrial wall. However, unlike the ranbodiment 
30 previously shown and described by reference to Figures 8A-C, the Figure 8D-E 

embodiment isolates tiie pulmonary vein wifliout also ablating tissue along the lumen or 
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lining of the pulmonary vein or ostium, as is apparent by reference to the resulting 
circumferential conduction block shown in Figure 8f 

In more detail. Figure 8D diows a similar device assembly as that shown in Figures 
8A-B, except that circumferential band (3520 has a geometry (priinarily width) and 

5 position along expandable member (370') such that it is adapted to engage only a 
circumferential path of tissue along the left posterior atrial wall which surrounds Ae 

pulmonary vein ostium. In one aspect of this embodiment, the compliant nature of the 
expandable member may be self-conforming to tiie region of the ostium such that the 
circumferential band is placed against tiiis atrial wall tissue merely by way of 

10 conformability. 

In anotiiCT variation, a "pear"-shaped expandable member or balloon tiiat includes a 
contoured tapCT may be suitable for use according to die Figure 8D embodiment, as is 
shown by way of exanqile in Figure 8E. Such a pear shape may be preformed into tiie 
expandable member or balloon, or the member inay be adapted to form this shape by way 

15 of controlled compliance as it expands, such as for wcample by the use of compoate 
structures witiiin tiie balloon construction. In any case, according to the "peai^-shaped 
variation, tiie circumferential band (352') of tiie ablation member is preferably placed along 
tfie surface of the contoured toper which is adapted to face tiie left posterior atrial wall 
during use according to tiie method illustrated by Figure 8D. It is ftirtiier contemplated 

2b tiiatflie ablation element may be fiirtiier extended or alternatively positioned along otiier 
portions of tiie taper, such as is shown by example in shadow at extended band (352") in 
Figure 8E. Accordingly, die variation shown hi Figure 8E to include extended band (352") 
nmy also adjqrt this particular device embodiment for use ui fiirnung cujcuniferMitial 

conduction blocks also alo;^ tissue witirin tiie puhnonaty vem and ostium, such as 
25 according to tiie previously described method shown m Figures 8A-C. 

The metiiod of fonning a circumferential conduction block along a circumferential 
patii of tissue along a left posterior atrial wall and which surrounds a puhnonary vein 
ostium without ablating tiie tissue of tiie vein or ostium should not be linuted to tiie 
particular device embodunaits just illustrated by reference to Figures 8D-F. OtiiCT device 
30 variations may be acceptable substitutes for use accordmg to tiiis metiiod. In one particular 

example which is believed to be suitable, a "looped" ablation member such as tiie 
embodraient illustiated below by reference to Figure 15 may be adapted to form a "looped" 
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ablation element within the left atrium and then be advanced against the left posterior atrial 
wall such that the loop engages the circumferential path of tissue along the atrial wall and 
which surrounds a vein ostium. Tliereafter, the looped ablation element may be actuated to 
ablate the engaged tissue, such as for further illustration like a branding iron forming the 
5 predetermined pattern around the puhnonary vein os (i.e., ostium). In addition, other 
device or method variations may also be suitable substitutes according to one of ordinary 
skill. 

Figures 9A-D collectively show a circumferential ablation device assembly 
according to the present invention as it is used to form a circumferential conduction block 
10 adjunctively to the formation of long linear lesions in a less-mvasive "maze^-type 
procedure, as introduced above for the ti«atinent of multiwavelet reentrant type fibrillation 
' along the left atrial wall. 

More specifically. Figure 9A diagrammatically shows a sumnaary of steps for 
performing a "maze"-type procedure by forming circumferential conduction blocks fliat 
15 intersect witii long linear conduction blocks foraied between the puhnonaiy veins. As 
disclosed in copending patent appUcation number 08/853,861 entitied "Tissue Ablation 
Device and Metiiod of Use" filed by Michael Lesh, M.D. on May 9. 1997, Which is herein 
incorporated in its entirety by reference thereto, a box-like conduction block surrounding 
an arriiytimiogenic atrial wall region bounded by tiie puhnonary veins may be created by 
20 forming long linear lesions between anchors in aU pans of adjacent pulmonary vein ostia, 
such as is shown in part in steps (5) and (6) of Figure 9A. However, it is fijrther beUeved 
that, in some particular applications, such linear lesions may be made sufficiently narrow 
witii respect to the surfece area of the pulmonary vein ostia that they may not intersect, 
tiiereby leaving gaps between them which may present proanrhythmic pathways for 
25 abnormal conduction into and fiom the box, such as is shown between linear lesions 
(57,58) in Figure 9B. TTierefore, by forming the cncumferential conduction block 
according to step (7) of Figure 9A, and as shown by use of circumfiaential ablation 
member (450) in Figure 9C, the linear lesions are thereby bridged and tiie gaps are closed. 
In a fiirtiier variation to the specific embodiments shown m Figures 9B-C, Figure 
30 9D shows another circumferential ablation device assembly which includes both 

circumferential and linear ablation elements (452,461), respectively. Circumferential 
ablation member (450) is shown to include an expandable member (470) which is adjusted 
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to a radially expanded position that is asymmetric to the underlying catheter shaft. Linear 
ablation member (460) extends along the elongate body proximally from the 
circumferential ablatioii member (450). When expanded sufficientiy to engage the 
pulmonary vein wall, expandable member (470) provides at least a portion of an anchor for 

5 a first end (462) of linear ablation member (460). 

A shaped stylet (466) is shown in shadow in Figure 9D within the elongate catheter 
body in the region of the second end (464) of the linear ablation member (460). Shaped 
stylet (466) is adapted to push the second end (464) into an adjacent putaionary vein 
ostium such that the linear ablation member (460) is adapted to substantially contact the 

10 left atrial wall between the adjacent vein ostia to form the linear ablation according to the 
method of Figure 9A. In addition to the use of shaped stylet (466), it is further 
contemplated that a second anchor may be used adjacent to second end (464), such as for 
example an intermediate guidewire tracking member adapted to track over a guidewire 
engaged to the pulmonary vein, as shown in Figure 9E at intermediate guidewire tracking 

15 member (466') which is engaged over guidewire (469). 

In a yet a further variation to the specific embodiment shown in Figure 9D, Figure 
9E shows a circumferential ablation device assembly which includes both circumferential 
and linear ablation elements (452,460), respectively. Circumferential ablation member 
(450) is shown to include an expandable member (470) which is adjusted to a radially 

20 expanded position that is asymmetric to the underlymg catheter shaft Linear ablation 
member (460) extends along the elongate body proximally from the circuniferential 
ablation member (450). When expanded sufiBcientiy to engage tiie pulmonary vein wall, 
expandable member (470) provides at least a portion of an anchor for a first end (462) of 
linear ablation member (460). 

25 Moreover, the method shown schematically in Figure 9A and also in various detail 

by reference to Figures 9B-C provides a specific sequence of steps for the purpose of 
illustration. According to this illustrative sequence, the linear lesions are formed first and 
then are connected thereafter with the circumferential conduction block. However^ a 
circumferential conduction block may be formed prior to the formation of the linear lesions 

30 or conduction blocks, or in any other combination or sub-combination of sequential steps, 
so long as the resulting combination of lesions allows for the circumferential block to 
intersect vdth and connect with the linear lesions. In addition, the circumferential 
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conduction block which connects the linear lesions may also include a circumfeiential path 
of tissue which surrounds and electrically isolates the pulmonary vein ostium ftom the rest 
of the left posterior atrial wall, such as for example by considering the embodiments just 
shown and described by reference to Figures 9A-E in view of the embodiment previously 

5 shown and described in relation to Figure 8C above. 

In addition to tiie particular embodiments just shown and described by reference to 
Figures 9A-E, otiier metiiods are also contemplated for combining circumferential and 
linear conduction blocks device assemblies and uses in order to perform a less-mvasive 
"maze"-type procedure. For example, Figure 9F shows one particular lesion pattern which 

10 results by combining a circumferential conduction block, formed accordmg to tiie previous 
embodiments of Figures 8A-C, witii a pair of linear lesions which are formed according to 
the method illustrated by Figure 9B. In a fiirther example shown in Figure 9G, another 
lesion pattern is formed by combining tiie pair of linear lesions of Figure 9B with a 
circumferential conduction block formed according to tiie embodiments which are 

15 previously illustrated above by reference to Figures 9D-F. While tiie resulting lesion 
patterns of Figures 9F and 9G differ slightiy as regards tiie particular geometry and 

position of tiie circumferential conduction block formed, tiie two variations are also similar 
in tiiat tiie circumferential conduction block includes a circumferential patii of atrial ^1 
tissue. When sue* circumferential conduction blocks are formed between adjacent 
20 pulmonary vein ostia, shorter linear lesions are tiiere&re sufficient to bridge tiie 
circumferential lesions during tiie overall "maze"-type procedure. 

To tills end, tiie invention fiirther contemplates one furflier variation for a less- 
invasive "maze"-type procedure (not shown) wherein multiple circumferential conduction 
blocks are formed in atrial wall tissue such tiiat each puhnonary vein ostium is surrounded 
25 by and is electrically isolated witii one circumferential conduction block. A series of four 
linear lesions may be formed between tiie various pairs of adjacent ostia and witii just 
sufficient lengtii to mtersect witii and bridge tiie corresponding adjacent circumferential 
blocks. A box-like conduction block is tiiereby formed by tiie four circumferential 
conduction blocks and tiie four bridging linear lesions. A fifth linear lesion may be also 
30 formed between at least a portion of tiie box-like conduction block and anotiier 
predetermined location, such as for example tiie mitral value annulus. 
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Figure 9H shows yet a further variation for forming circun^^ 
blocks along atrial wall tissue around the pulmonary vein ostia durii^ a less invasive 
"maze**-type procedure* Accordng to this furdier variation, the circuniferential conduction 
block patterns formed around each of two adjacent superior and inferior pulmonary vein 

S ostia are shown in Figure 9H to intersect, thereby alleviating the need for a linear lesion in 
order to form a conduction block between the ostia. Furthermore, the distances between 
the inferior and superior ostia, both on the right and left side of the posterior atrial wall, are 
beUeved to be significantly shorter than the distances between the two adjacent superior or 
inferior ostia. Therefore, Figure 9H only shows the overlapping circumferential 

10 conduction blocks as just described to be positioned vertically between the inferior- 
superior pairs of adjacent ostia, and further shows linear lesions which are used to connect 
' the right and left sided ostia of the superior and inferior pairs. In some instances these 
linear lesions will not be required to cure, treat or prevent a particular atrial arrhythmia 
condition. However, other combinations of these patterns are further contemplated, such 

\i as for example using only overlapping circumferential conduction blocks between all 
adjacent pairs of ostia in order to form the entire "maze" -type left atrial pattern. 

Figure 10 diagrammatically shows a further method for using the circumferential 
ablation device assembly of the present invention wherein electrical signals along the 
pulmonary vein are monitored with a sensing element before and after ablation according 

20 to steps (8) and (9), respectively. Signals within the pulmonary vein are monitored prior to 
forming a conduction block, as indicated in step (8) in Figure 10, in order to confirm that 
the puhnonary vein chosen contains an arrhythmogenic origm for atrial arrhytiimia. 
Failure to confirm an arrhythmogenic origin in the puhnonary vein, particularly in the case 
of a patient diagnosed with focal arriiythmia, may dictate the need to monitor signals in 

25 another pulmonary vein m order to direct treatment to the proper location in the heart. In 
addition, monitoring the pre-ablation signals may be used to indicate the location of the 
arrhythmogenic origm of the atrial arrhythmia, which information helps determine the best 
location to form the conduction block. As such, the conduction block may be positioned to 
include and therefore ablate the actual focal origin of the anhythmia, or may be positioned 

30 between the focus and the atrium in order to block aberrant conduction fcom the focal 
origin and into the atrial wall. j 
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In addition or in the alternative to monitoring electrical conduction signals in the 
pulmonary vein prior to ablation, electrical signals along tiie pulmonary vein wall may also 
be monitored by the iensing element subsequent to circumferential ablation, according to 
step (9) of the metiiod of Figure 10. This monitoring method aids in testing the efBcacy of 
5 the ablation in fonning a complete conduction block against arriiytiraiogemc conduction. 
Arriiythmogenic firing fix)m tiie identified focus will not be observed during signal 
monitoring along tiie puhnonary vein wall when taken below a continuous circumferential 
and transmural lesion formation, and tiius would characterize a successfixl circumferential 
conduction block. In contrast, observation of such arrhytiraiogenic signals between the 
10 lesion and tiie atrial wall characterizes a fimctionally incompl^ or discontinuous 
circumference (gaps) or depfli (transmurality) which would potentially identify tiie need 
for a subsequent foUow-up procedure, such as a second circumfiapcntial lesioning 
procedure in tiie ablation region. 

A test electrode may also be used m a "post ablation" signal monitoring metiiod 
15 according to step (10) of Figure 10. In one particular embodiment not shown, tiie test 
electrode is positioned on tiie distal end portion of an elongate catiieter body and is 
electrically coupled to a cunent source for firing a test signal mto tiie tissue surrounding 
tiie test electrode when it is placed distally Or "upstream" of tiie circumferential lesion in 
an attempt to simulate a focal arrhytiunia. This test signal generally challenges tiie 
20 robustness of tiie circumferential lesion in preventing atrial anhytiimia finm any such 
future physiologically generated aberrant activity along tiie suspect vein. 

Further to tiie signal monitoring and test stimulus metiiods just described, such 
metiiods may be performed widi a separate electrode or electtode pan- located on ttie 
catiieter distal end portion adjacent to tiie region of tiie circumferential ablation element, or 
25 nmy be performed using one or more electrodes which form tiie circumferential ablation 
element itself as will be fiirther developed below. 

Circumferential Ablation Member 

30 The designs for tiie expandable member and circumferential ablation element for 

use in tiie circumferential ablation device assembly of tiie present invention have been 
described generically witii reference to tiie embodiments shown in tiie previous Figures. 
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Examples of more specific expandable member and ablation element embodiments which 
are adapted for use in the assembly of the present invention are fiirther provided as foUows. 

Notwithstanding then- somewhat schematic detail, the ciicumferential ablation 
members shown in the previous figures do illustrate one particular embodunent wherein a 
5 circumferential electrode element circumscribes an outer surface of an expandable 
member. The expandable member of the embodiments shown may take one of several 
different forms, although the expandable member is generally herein shown as an 
mflatable baUoon that is coupled to an expansion actuator (175) which is a prrasurizeable 
fluid source. The balloon is preferably made of a polymeric material and forms a fluid 
10 chamber which communicates with a fluid passageway (not shown m the figures) that 
extends proximaUy along the elongate catheter body and terminates proximally in a 
' proximal fluid port that is adapted to couple to the pressurizeable fluid source. 

In one expandable balloon variation, the balloon is constructed of a relatively 
inelastic polymer such as a polyethylene ("PE"; preferably linear low density or high 
15 density or blends thereof), polyolefin copolymer ("POC"), polyethylene terepthalate 
("PET"), polyunide, or a nylon material. In this constroction, the balloon has a low radial 
yield or compliance over a working range of pressures and may be folded into a 
predetermined configuration when deflated in order to fecilitate introduction of the baUoon 

into the desired ablation location via known percutaneous catiieterization techniques. In 
20 this variation, one balloon size may not suitably engage all puhnonary vein walls for 
performing the circumferential ablation methods of the present invention on aU needy 
patients. Therefore, it is further contemplated that a kit of multiple ablatiori cathetas, witii 
each balloon working length having a unique predeteimined expanded diameter, may be 
provided from which a treating physician may chose a particular device to meet a 
25 particular patient's puhnonary vein anatomy. 

In an alternative e:q)andable balloon variation, the balloon is constructed of a 
relatively compliant, elastomeric material, such as, for exanqile (but not limited to), a 
silicone, latex, polyurethane, or mylar elastomer, to this construction, tiie baUoon takes tiie 
form of a tubular member m tiie deflated, non-expanded state. When tiie elastic tiibuhir 
30 balloon is pressurized with fluid such as in tiie previous, relatively non-compliant example, 
tiie material forming tiie wall of the tubular member elastically deforms and stretches 
radially to a predetermined diameter for a given inflation pressure. It is fiirther 
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contemplated that the compUant baUoon may be constructed as a composite, such as, for 
example, a latex or silicone balloon skin which includes fibers, such as metal, Kevlar, or 
nylon fibers, which 'L embedded uito the sidn. Such fibers, when provided in a 
predetermined pattern such as a mesh or braid, may provide a controlled compliance along 
a preferred axis, preferably limiting longitudinal compliance of the expandable member 
v(Me allowing for radial compUance. 

It is believed that, among other features, the relatively compliant variation may 
provide a wide range of working diameters, which may allow for a wide variety of 
patients, or of vessels within a single patient, to be treated with just one or a few devices. 
Furthermore, this range of diameters is achievable over a relatively low range of pressures, 
which is believed to diminish a potentially traumatic vessel response that may otherwise be 
presented concomitant with higher pressure inflations, particularly when the mflated 
balloon is oversized to the vessel. In addition, the low-pressure inflation feature of this, 
variation is suitable for the present invention because the functional requirement of the 
i expandable balloon is merely to engage the ablation element against a circumferential path 
along Ae inner lining of die puhnonary vein wall. 

Moreover, a circumferential ablation member is adapted to conform to the 
geometry of the pulmonary vein ostium, at least in part by providing substantial 
compliance to the expandable member, as was shown and described previously by 
20 reference to Figures 8A-B. Further to this conformability to pubnonary vein ostium as 
provided in tiie specific design of Figures 8A-B, the working length L of expandable 
member (370) is also shown to include a taper which has a distally reducing outer diameter 
from a proximal end (372) to a distal end (374). In eidier a compliant or the non-compliant 
balloon, such a distaUy reducing tapered geometry adapts the circumferential ablation 
25 element to conform to the fimneling geometry of die pulmonary veins in the region of their 
ostia in order to fecilitate die formation of a circumferential conduction block there. 

Further to the circumferential electrode element embodiment as shown variously 
throughout the previous illustrative Figures, the circumferential electrode element is 
coupled to an ablation actuator (190). Ablation actuator (190) generally includes a radio- 
30 frequency ("RFO current source (not shown) diat is coupled to both die RF electrode 
element and also a ground patch (195) which is in skin contact widi tiie patient to complete 
an RF circuit. In addition, ablation actuator (190) preferably includes a monitoring circuit 

39 

SUBSTITUTE SHEET (RULE 26) 



wo 99/02096 



PCT/US98/14220 



(not shown) and a control circuit (not shown) which together use either the electrical 
parameters of the RF circuit or tissue parameters such as temperature in a feedback conttol 
loop to drive current through the electrode element during ablation. Also, ^ere a 
plurality of ablation elements or electrodes in one ablation element are used, a switching 
S means may be used to multiplex the RF current source between the various elements or 
electrodes. 

Figures llA-D show various pattems of electrically conductive, circumferential 
electrode bands as electrode ablation elements, each circumscribing an outer surface of the 
working length of an expandable member. Figures llA-B show circumferential ablation 

10 member (550) to include a continuous circumferential electrode band (552) that 
cux:umscribes an outer surface of an expandable member (570). Figure IIB more 
' specifically shows expandable member (570) as a balloon which is fluidly coupled to a 
pressurizeable fluid source (175), and further shows electrode band (circumferential 
ablation element) (552) electrically coupled via electrically conductive lead (554) to 

15 ablation actuator (190). In addition, a plurality of apertures (572) are shown in the balloon 
skin wall of expandable member (570) adjacent to electrode band (552). The purpose of 
these apertures (572) is to provide a positive flow of fluid such as saline or ringers lactate 
fluid into the tissue surrounding the electrode band (552). Such fluid flow is believed to 
i^uce the temperature rise in the tissue surrounding the electrode element during RF 

20 ablation. 

The shapes shown collectively in Figures 1 1 A-D allow for a continuous electrode 
band to circumscribe an expandable member's woiking length over a range of expanded 
diameters, a feature which is believed to be particularly useful with a relatively compliant 
balloon as the expandable member. In the particular embodiments of Figures 1 lA-D, this 

25 feature is provided primarily by a secondary shape given to the electrode band relative to 
the longitudinal axis of the working length of the expandable member. Electrode band 
(552) is thus shown in Figures UA-B to take the specific secondary shape of a modified 
step curve. Other shapes than a modified step curve are also suitable, such as the 
serpentine or sawtooth secondary shapes shown respectively in Figures IIC-D. Other 

30 shapes in addition to those shown in Figures 1 1 A-D and which meet the defined functional 
requirements are fiirther contemplated within the scope of the present invention. 
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In addition, the electrode band provided by the circumferential ablation elements 
shown in Figures IIC-D and also shown schematically in Figures 3-6B has a functional 
band width w relative to the longitudinal axis of the working length which is only required 
to be sufficiently wide to form a complete conduction block against conduction along the 
walls of the puhnonary vein in directions parallel to the longitudinal axis. In contrast, the 
working length L of the respective expandable element is adapted to securely anchor the 
distal end portion in place such that the ablation element is firmly positioned at a selected 
region of the puhnonary vein for ablation. Accordingly, the band width w is relatively 
narrow compared to the workmg length L of the expandable element, and the electrode 
band may thus form a relatively narrow equatorial band which has a band width that is less 
than two-thirds or even one-half of the workmg length of the expandable element 
Additionally, it is to be noted here and elsewhere throughout the specification, that a 
narrow band may be placed at locations other than the equator of the expandable element, 
preferably as long as the band is bordered on both sides by a portion of the working length 
L 

In anoflier aspect of Ae narrow equatorial band variation for the circumferential 
abhition element, the circumferential lesion formed may also be relatively narrow when 
compared to its own circumference, and may be less than two-thirds or even one-half its 
own circumference on the expandable element when expanded. In one arrangement which 
is believed to be suitable for ablating circumferential lesions m the puhnonary veins as 
conduction blocks, the band width w is less than 1 cm with a circumference on the working 
length when expanded that is greater than 1 .5 cm. 

Figures 12A-B show a fiuther variation of a circumferential ablation element vMch 
is adapted to maintain a continuous circumferential lesion pattern over a range of expanded 
diameters and which includes electrode elements that form a relatively narrow equatorial 
band around the working length of an expandable balloon member. In this variation, a 
plurality of mdividual electrode/abladon elements (562) are included m the cucumferential 
ablation element and are positioned in spaced arrangement along an equatorial band which 
circumscribes an outer surface of the expandable manber's working length L. 

The size and spacing between these individual electrode elements (562), vibea Hts 
balloon is expanded, is adapted to form a substantially continuous circumferential lesion m 
puhnonary vein wall tissue when in mtimal contact adjacent thereto, and is further adapted 
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to foim such a lesion over a range of band diameters as the working length is adjusted 
between a variety of radially expanded positions. Each individual electrode element (562) 
has two opposite ends tS63,S64), respectively, along a long axis LA and also has a short 
axis and is jrasitioned such that the long axis is at an acute angle relative to the 

5 longitudinal axis la of the elongate catheter body and expandable member (560). At least 
one of the ends (563,564) along the long axis LA overlaps with an end of another adjacent 
individual electrode element, such that there is a region of overlap along their 
circumferential aspect, i.e., there is a region of overlap along the circiraiferential 
coordinates. The terms "region of overlap along their circumferential coordinate" are 

10 herein intended to mean that the two adjacent ends each are positioned along the working 
length with a circumferential and also a longitudinal coordinate, wherein they share a 
common circumferential coordinate. In this arrangement, the circumferential compliance 
along the working length which accompanies mdial expansion of the expandable member 
also moves the individual electrode elements q)art along the circumferential axis. 

15 However, the spaced, overlapping arrangement described allows the individual ablation 
elements to maintain a certain degree of their circumferential overlap, or at least remain 
close enough together, such that a continuous lesion may be formed without gaps between 
the elements. 

The construction for suitable circumferential electrode elements in the RF variation 
20 of the present invention, such as the various electrode embodiments described with 
reference to Figures 11A-12B, may comprise a metallic material deposited on the outer 
surface of the working length using conventional techniques, such as by plasma depositing, 
sputter coating, chemical vapor deposition, other known techniques which are equivalent 
for this purpose, or otherwise affixing a metallic shaped member onto the outer surface of 
25 the expandable member such as through known adhesive bonding techniques. Other RF 
electrode arrangements are also considered within the scope of the present invention, so 
long as they form a circumferential conduction block as previously described. For 
example, a balloon skin may itself be metallized, such as by mixing conductive metal, 
including but not limited to gold, platinum, or silver, with a polymer to form a 
30 compounded, conductive matrix as the balloon skin. 

Still further to the RF electrode embodiments, another circumferential ablation 
member variation (not shown) may also include an expandable member, such as an 
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inflatable balloon, that includes a porous skin that is adapted to allow fluid, such as 
hypertonic saline solution, to pass fiom an internal chamber defined by the skin and 
outwardly into surrounding tissues. Such a porous skin may be constructed according to 
several different methods, such as by forming holes in an otherwise contiguous polymeric 
material, including mechanically drilling or using laser energy, or the porous skin may 
simply be an inherently porous membrane. In any case, by electrically coupling the fluid 
withm the porous balloon skin to an RF current source (preferably monopolar), the porous 
region of the expandable member serves as an RF electrode wherein RF current flows 
outwardly through the pores via the conductive fluid. In addition, it is fiirther 
contemplated that a porous outer skin may be provided externally of another, separate 
expandable member, such as a separate expandable balloon, wherein the conductive fluid 
is contamed in a region between the porous outer skin and the expandable member 
contained therein. Various other "fluid electrode" designs than those specifically herein 
described may also be suitable according to one of ordinary skill upon review of this 
disclosure. 

In the alternative, or in addition to the RF electrode variations just described, the 
circumferential ablation element may also include other ablative energy sources or sinks, 
and particularly may include a thermal conductor that circumscribes the outer 
circumference of the working length of an expandable member. Examples of suitable 
thermal conductor anrangements include a metallic element vAich may, for example, be 
constructed as previously described for the more detailed RF embodiments above. 
However, in the thermal conductor embodimraat such a metallic element would be 
generally either resistively heated in a closed loop circuit internal to the catheter, or 
conductively heated by a heat source coupled to the thermal conductor. In the latter case 
of conductive heating of the thermal conductor with a heat source, the expandable member 
may be, for example, a polymeric balloon skm which is inflated with a fluid that is heated 
either by a resistive coil or by bipolar RF cunrent In any case, it is believed that a thermal 
conductor on the outer surface of the expandable member is suitable when it is adapted to 
heat tissue adjacent thereto to a temperature between 40d^ and 80deg Celsius. 

Further to flie thermal conduction variation for flie circumferential ablation 
element, the perfusion balloon embodunent as shown in Figures 6A-B may be particularly 
useful in such a design. It is believed that ablation through increased temperatures, as 

SUBSTITUTE SHEET (RULE 26) 



wo 99/02096 



PCT/US98/14220 



provided by example above may also enhance coagulation of blood in the puhnonary vein 
adjacent to the expandable member, which blood would otherwise remain stagnant without 
such a perfusion feature. 

One fiirflier circumferential ablation element design which is believed to be highly 

5 useful in performing the methods according to the present invention is shown in Figure 13 
to include a circumferential ablation member(600) with two insulators (602,604) that 
encapsulate the proximal and distal ends, respectively, of the working length L of an 
expandable member (610). In the particular embodunent shown, the insulators (602,604) 
are thermal insulators, such as a thermal insulator comprising a Teflon material. 

10 Expandable member (610) is an inflatable balloon which has a balloon skin (612) that is 
thermally conductive to surrounding tissue when inflated with a heated fluid which may 
contain a radiopaque agent, saline fluid, ringers lactate, cpmbmations thereof, other known 
biocompatible fluids having acceptable heat transfer properties for these purposes, further 
to the thermal conductor embodiments previously described. By providing these spaced 

15 insulators, a circumferential ablation element is formed as an equatorial band (603) of 
uninsulated balloon skin is located between tiie opposite insulators. In tiais configuration, 
the circumferential ablation element is able to conduct heat externally of the balloon skin 
much more efiBcientiy at the uninsulated equatorial band (603) than at the insulated 
portions, and thereby is adapted to ablate only a circumferential region of tissue in a 

20 pulmonary vein wall which is adjacent to the equatorial band. It is further noted that this 
embodiment is not limited to an "equatorial" placement of the ablation element Rather, a 
circumferential band may be formed anywhere along the working lengtii of the expandable 
member and circumscribing the longitudinal axis of the expandable member as previously 
described. 

25 Figure 1 3 further shows use of a radiopaque marker (620) to identify the location of 

the equatorial band (603) in order to facilitate placement of that band at a selected ablation 
region of a pulmonary vein via X-ray visualization. Radiopaque marker (620) is opaque 
under X-ray, and may be constructed, for example, of a radiopaque metal such as gold, 
platinum, or tungsten, or may comprise a radiopaque polymer such as a metal loaded 

30 polymer. Figure 13 shows radiopaque marker (620) positioned coaxially over an inner 
tubular member (621) which is mcluded in a coaxial catheter design as would be apparent 
to one of ordinary skill. The present invention contemplates the combination of such a 

44 

SUBSTTTUTE SHEET (RIJLE 26) 



wo 99/02096 



PCT/US98/14220 



radiopaque marker additionaUy in the other embodiments herein shown and described. To 
note, when the circumferential ablation member which forms an equatorial band includes a 
metallic electrode element, such electrode may itself be radiopaque and may not require 
use of a separate marker as just described. 

5 The thermal insulator embodiment just described by reference to Figure 13 is 

iUustrative of a broader embodiment, wherein a circumferential ablation member has an 
ablating surfece along the entire working length of an expandable member, but is shielded 
from releasing ablative energy mto surrounding tissues except for along an unshielded or 
uninsulated equatorial band. As such, the insulator embodiment contemplates other 

10 ablation elements, such as the RF embodiments previously described above, which ate 
provided along the entire working length of an expandable member and which are 
' insulated at their ends to selectively ablate tissue only about an unmsulated equatorial 
band. 

In a further example using the insulator embodiment in combination wiA a 
15 circumferential RF electrode embodiment, a metallized balloon which includes a 
conductive balloon skm may have an electrical insulator, such as a polymeric coating, at 
each end of the working length and thereby selectively ablate tissue with electricity 
flowing tiirough the uninsulated equatorial band. In this and other insulator embodiments, 
it is further contemplatwl that the insulators described may be only partial and still provide 
20 the equatorial band result. For instance, in flie conductive RF electtode baUoon case, a 
partial electrical insulator will allow a substantial component of current to flow tiirough the 
uninsulated portion due to a "shorting" response to tiie lower resistance in tiiat region. 

In still a further example of an insulator combined witii an RF ablation electtode, a 
pon)us membnme comprises die entire balloon skin of an expandable member. By 
25 insulating tiie proximal and distal end portions of the working lengtii of tiie expandable 
member, only the pores in tiie unexposed equatorial band region are allowed to efiuse tiie 
electrolyte vWch carries an ablative RF current 

Further to tiie expandable member design for use in a cin:umferential ablation 
element according to tiie present invention, otiier expandable members than a balloon are 
30 also considered suitable. For example, in one expandable cage embodiment shown in 
Figure 14, cage (650) comprises coordinating wires (651) and is expandable to engage a 
desired ablation region ui a pulmonary vein. 
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The radial expansion of cage (650) is accomplished as follows. Sheath (652) is 
secured around the wires proximaUy of cage (650). However, core (653), which may be a 
metaUic mandrel such as stainless steel, extends through sheath (652) and distally within 
cage (650) wherein it terminates in a distal tip (656) . Wires (651) are secured to distal tip 
(656), for example, by soldering, welding, adhesive bonding, heat shrinking a polymeric 
member over the wires, or any combination of these methods. Core (653) is slideable 
within sheath (652), and may, for example, be housed within a tubular lumen (not shown) 
within sheath (652), the wires being housed between a coaxial space between the tubular 
lumen and sheath (652). By moving the sheath (652) relative to core (653) and distal tip 
(656)(shown by arrows in Figure 14), the cage (650) is coUapsible along its longitudinal 
axis in order to fon* an outward radial bias (also shown with arrows in Figure 14) to wires 
(651) in an organized fashion to formed a working length of cage (650) which is expanded 
(not shown). 

Further to the particular expandable cage embodiment shown in Figure 14, a 
plurality of ablation electrodes (655) is shown, each being positioned on one of wires (651) 
and being simUarly located along the longitudinal axis of the cage (650). The radial bias 
given to wires (651) during expansion, together with the location of the ablation electrodes 
(655), serves to position the pluraUty of ablation electrodes/elements (655) along a 
circumferential, equatorial band along the expanded working length of cage (650). The 
wires forming a cage according to this embodiment may also have another predetermined 
shape when in the radially expanded position. For example, a taper similar to that shown 
for expandable member (370) in Figures 8A-B may be formed by expanding cage (650), 
wherein the ablation element formed by ablation electrodes (655) may be positioned 
between the proximal end and the distal end of the taper. 
25 Further to the construction of the embodiment shown in Figure 1 4, vwres (65 1) are 

preferably metal, and may comprise stainless steel or a superelastic metal alloy, such as an 
alloy of nickel and titanium, or a combination of both. Regarding the case of nickel and 
titanium construction for wires (655), a separate electrical conductor may be required in 
order to actuate ablation electrodes (655) to efficiently emit ablative current into 
30 surroundmg tissues. In the case where wnes (651) are constnicted of stainless steel, they 
may also serve as electrical conductors for ablation electrodes (655). Further to the 
stainless steel design, the wires (651) may be coated with an electrical insulator to isolate 
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the electrical flow into sunounding tissues at the site of fte ablation electrodes (655). 
Moreover, the ablation electrodes (655) in the stainless steel wire variation may be formed 
simply by removing electrical insulation in an isolated region to aUow for current to flow 
into tissue only from that exposed region. 
5 In a further cage embodiment (not shown) to that shown in Figure 14, a 

circumferential strip of electrodes may also be secured to the cage (650) such that the strip 
circumscribes the cage at a predetermined location along the cage's longitudinal axis. By 
expanding cage (650), as previously described, the strip of electrodes are adapted to take a 
circumferential shape according to the shape of the expanded cage (650). Such an 
10 electrode strip is preferably flexible, such that it may be easily reconfigured when the cage 
is adjusted between the radiaUy coUapsed and expanded positions and such that the strip 
may be easily advanced and withdrawn with the cage within the delivery sheatL 
Furthermore, the electrode strip may be a continuous circumferential electrode such as a 
conductive spring coil, or may be a flexible strip which includes several separate electrodes 
15 along its circumferential length. In the latter case, the flexible strip may electrically couple 
all of the electrodes to a conductive lead that interfaces with a drive circuit, or each 
electrode may be separately coupled to one or more such conductive leads. 

Another circumferential ablation element adapted for use in the circumferential 
conduction block assembly according to the present invention is shown in Figure 15, 
20 wherein circumferential ablation member (700) includes a looped member (710) attached, 
preferably by heat shrinking, to a distal end of a pusher (730). Looped member (710) and 
pusher (730) are slideably engaged within delivery sheath (750) such that looped member 
(710) is in a first collapsed position when positioned and radially confined within delivery 
sheath (750), and expands to a second expanded position when advanced distally from 
25 delivery sheath (750). 

Looped m«nber (710) is shown in more detail in Figure 15 to include a core (712) 
which is constructed of a superelastic metal alloy such as a nickel-titanium aUoy and which 
has a looped portion with shape memory in the looped configuration. This looped 
configuration is shown in Figure 15 to be in a plane which is ofif-axis, preferably 
30 perpendicular, to the longimdinal axis of the pusher (730). This off-axis orientation of the 
loop is adapted to engage a circumferential path of tissue along a pubnonary vein wall 
which circumscribes the pulmonary vein lumen when the looped member (710) is 
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delivered from the delivery sheath (750) when the delivery shbath is positioned withm the 
vein lumen parallel to its longitudinal axis. An ablation electrode (714) is also shown in 
Figure 15 as a metallic coil which is wrapped around core (712) in its looped portion. 

Pusher (730) is fiirther shown in Figure 15 to include a tubular pusher memb^ 
(732) which is heat shrunk over two ends (712') of core (712) which extend proximally of 
looped member (710) through pusher (730) in the particular variation shown. While in this 
embodiment core (712) extends through the pusher in order to provide stiflhess to the 
composite design for the pusher, it is further contemplated that the superelastic metal of flie 
core may be replaced or augmented in the pusher region with another different mandrel or 
ID pusher core (not shown), such as a stifGer stainless steel mandrel. Also shown withm 
pusher (730) is an electrically conductive lead (735) which is coupled to the ablation 
• electrode (714) and which is also adapted in a proxunal region of the pusher (not shown) to 
couple to an ablation actuator (190) such as an RF current source (shown schematically). 

15 Ultrasound Curcumferential Ablation Member 

Figures 16A-19B show various specific embodiments of a broader circumferential 
ablation device assembly which utilizes an ultrasonic energy source to ablate tissue. The 
present circumferential ablation device has particular utility m connection with forming a 
20 circumferential lesion within or about a pulmonary vein ostium or within the vein itself in 
order to form a circumferential conductive block. This application of the present ablation 
device, however, is merely exemplary, and it is understood that those skilled in the art can 
readily adapt the present ablation device for applications in other body spaces. 

As common to each of the following embodiments, a source of acoustic energy is 
25 provided a delivery device that also includes an anchoring mechanism. In one mode, the 
anchoring device comprises an expandable member that also positions the acoustic energy 
source within the body; however, other anchoring and positioning devices may also be 
used, such as, for example, a basket mechanism. In a more specific form, the acoustic 
energy soiirce is located within the expandable member and the expandable member is 
30 adapted to engage a circumferential path of tissue either about or along a pulmonary vein 
in the region of its ostium along a left atrial wall. The acoustic energy source in turn is 
acoustically coupled to the wall of the expandable member and thus to the circumferential 
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region of tissue engaged by the expandable member wall by emitting a circumferential and 
longitudinally coUimated ultrasound signal when actuated by an acoustic energy driver. 
The use of acoustic energy, and particularly ultrasonic energy, ofiGos the advantage of 
simultaneously applying a dose of energy sufficient to ablate a relatively large surfece area 
5 within or near the heart to a desired heating depth without exposing the heart to a large 
amount of current For example, a collimated ultrasonic transducer can form a lesion, 
which has about a 1.5 mm width, about a 2.5 mm diameter lumen, such as a puhnonary 
vein and of a sufficient depth to form an effective conductive block. It is believed that an 
effective conductive block can be formed by producing a lesion within the tissue that is 
10 transmural or substantially transmural. Depending upon the patient as weU as the location 
vwthin tiie puhnonary vein ostium, the lesion may have a depth of 1 millimeter to 10 
millimeters. It has been obs«Ved tiiat the collimated ultrasonic transducer can be powered to 
provide a lesion having these parameters so as to fonn an eflBsctive conductive blodc between 
the puhnonary vein and the posterior wall of the ,left atrium. 
15 With specific reference now to the embodiment illustrated in Figures 16A through 

16D, a circumferential ablation device assembly (800) includes an elongate body (802) 
with proximal and distal end portions (810,812), an expandable balloon (820) located 
along the distal end portion (812) of elongate body (802), and a circumferential ultrasound 
transducer (830) which forms a cncumferential ablation member which is acoustically 
20 coupled to the expandable balloon (820). In more detail. Figures 16A-C variously show 
elongate body (802) to include guidewire lumen (804), inflation lumen (806), and 
electrical lead lumen (808). The ablation device, however, can be of a self steering type 
rather than an over-tiie-wire type device. 

Each lumen extends between a proximal port (not shown) and a respective distal 
25 port, which distal ports are shown as distal guidewire port (805) for guidewire lumen 
(804), distal mflation port (807) for inflation lumen (806), and distal lead port (809) for 
electrical lead lumen (808). Although the guidewire, inflation and electrical lead lumens 
are generally arranged in a side-by-side relationship, tiie elongate body (802) can be 
constructed wiA one or more of these lumrais arranged in a coaxial relationship, or in any 
30 of a wide variety of configurations tiiat will be readily apparent to one of ordinary skill in 
the art 
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In addition, the elongate body (802) is also shown in Figures 16A and 16C to 
include an inner member (803) which extends distally beyond distal inflation and lead 
ports (807,809), through an interior chamber formed by the expandable balloon (820), and 
distally beyond expandable tedloon (820) where tiie elongate body terminates in a distal 
tip. The inner member (803) forms the distal region for the guidewire lumen (804) beyond 
the inflation and lead ports, and also provides a support member for tiie cylindrical 
ultrasound transducer (830) and for tiie distal neck of die expansion balloon, as described 

in more detail betow. 

One more detailed construction for tiie components of the elongate body (802) 

which is beUeved to be suitable for use in transeptal left atrial ablation procedures is as 
follows. The elongate body (802) itself may have an outer diameter provided witiiin tiie 
range of from about 5 French to about 10 French, and more preferable from about 7 French 

to about 9 French. The guidewire lumen preferably is adapted to slideably receive 
guidewires ranging from about 0.010 inch to about 0.038 inch in diameter, and preferably 
is adapted for use witii guidewires ranging from about 0.018 inch to about 0.035 inch in 
diameter. Where a 0.035 inch guidewire is to be used, tiie guidewire lumen preferably has 
an inner diameter of 0.040 inch to about 0.042 inch. In addition, die inflation lumen 
preferably has an inner diameter of about 0.020 inch in order to allow for rapid deflation 
times, altiiough may vary based upon die viscosity of inflation medium used, leiigtii of die 
lumen, and otiia dynamic fiwtors relating to fluid flow and pressure. 

In addition to providing tiie requisite lumens and support members for tiie 
ultrasound transducer assembly, tiie elongate body (802) of tiie present embodiment must 
also be adapted to be introduced into tiie left atrium such tiiat tiie distal end portion witii 
balloon and transducer may be placed wifliin die pulmonary vein ostium in a percutaneous 
translumenal procedure, and even more preferably in a transeptal procedure as otiierwise 
herein provided. Therefore, tiie distal end portion (812) is preferably flexible and adapted 
to track over and along a guidewire seated witiiin tiie targeted puhnonary vein. In one 
fijrther more detaUed construction which is beUeved to be suitable, tiie proximal end 
portion is adapted to be at least 30% more stiff tiian tiie distal end portion. According to 
) tills relationship, tiie proximal end portion may be suitably adapted to provide push 
transmission to tiie distal end portion whUe tiie distal end portion is suitably adapted to 
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10 



track through bending anatomy during in vivo deUvery of the distal end portion of the 
device into the desired ablation region. 

Notwithstanding the specific device constractions just described, other deUvery 
mechanisms for delivering the ultrasound ablation member to the desired ablation region 
are also contemplated. For example, while the Figure 16A variation is shown as an "over- 
the-wire" catheter construction, other guidewire tracking designs may be suitable 
substitutes, such as, for example, catheter devices which are known as "rapid exchange" or 
"monorail" variations wherein the guidewire is only housed coaxiaUy within a lumen of 
the catheter in the distal regions of the catheter. In another example, a deflectable tip 
design may also be a suitable substitute and which is adapted to independenUy select a 
desired puhnonary vein and direct the transducer assembly into the desired location for 
ablation. Further to this latter variation, the guidewire lumen and guidewire of the Figure 
16A variation may be replaced with a "pullwire" lumen and associated fixed puUwire 
which is adapted to deflect the catheter tip by applying tension along varied stifl&iess 
transitions along the catheter's length. Still further to this pullwire variation, acceptable 
pullwires may have a diameter within the range fiom about 0.008 inch to about 0.020 inch, 
and may further include a taper, such as, for example, a tapered outer diameter bom about 
0.020 inch to about 0.008 inch. 

More specifically regarding expandable balloon (820) as shown in varied detail 
between Figures 16A and 16C, a central region (822) is generally coaxially disposed over 
the inner member (803) and is bordered at its end neck regions by proximal and distal 
adaptions (824,826). The proximal adaption (824) is sealed over elongate body (802) 
proximally of the distal inflation and the electrical lead ports (807,809), and the distal 
adaption (826) is sealed over inner member (803). According to this arrangement, a fluid 
25 tight interior chamber is formed within expandable balloon (820). This interior chamber is 
fluidly coupled to a pressurizeable fluid source (not shown) via inflation lumen (806). In 
addition to the inflation lumen (806), electrical lead lumen (808) also communicates with 
the interior chamber of expandable balloon (820) so that the ultrasound transducer (830), 
which is positioned within that chamber and over the inner member (803), may be 
electrically coupled to an ultrasound drive source or actuator, as will be provided in more 
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d^l below. 
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The expandable balloon (820) may be constructed ftom a variety of known 
materials, although the baUoon (820) preferably is adapted to conform to the contour of a 
puhnonary vein ostium. For this purpose, the balloon material can be of the highly 
compliant variety, such that the material elongates upon appUcation of pressure and takes 
on the shape of the body lumen or space when fiilly inflated. Suitable baUoon materials 
include elastomers, such as, for example, but without Umitation, SiUcone, latex; or low 
durometer polyurethane (for example, a durometer of about 80A). 

In addition or m the alternative to constructing the balloon of highly compliant 
material; the balloon (820) can be formed to have a predefined fully inflated shape (i.e., be 
preshaped) to generally match the anatomic shape of the body lumen in which the balloon 
is inflated. For instance, as described below in greater detail, the balloon can have a 
distally tepering shape to generally match the shape of a puhnonary vein ostium, and/or 
can include a bulbous proximal end to generally match a transition region of the atrium 
posterior wall adjacent to the puhnonary vein ostium. ]n this manner, the desired seatmg 
within the irregular geometry of a pulmonary vein or vein ostium can be achieved with 
botii compliant and non-compliant balloon variations. 

Notwithstandmg die alternatives which may be acceptable as just described, the 
balloon (820) is preferably constructed to exhibit at least 300% expansion at 3 atmospheres 
of pressure, and more preferably to exhibit at least 400% expansion at tiiat pressure. The 
temi "expansion" is herein intended to mean the balloon outer diameter after pressurization 
divided by die baUoon mner diameter before pressurization, wherem the balloon inner 
diameter before pressurization is taken after die balloon is substantiaUy filled with fluid in a 
taught configuration. In other words, "expansion" is herem mtended to relate to change in 
diameter tiiat is attributable to tiie material compliance in a stress stram relationship, hi one 
more detailed construction which is believed to be suitable for use in most conduction 
block procedures in die region of die puhnonary veins, die balloon is adapted to expand 
under a normal range of pressure such tiiat its outer diameter may be adjusted from a 
radially coUapsed position of about 5 milUmeters to a radially expanded position of about 
2.5 centimeters (or approximately 500% expansion ratio). 

The ablation member, whidi is illustrated in Figures 16A-D, takes die form of 
aiinular ultrasonic transducer (830). In tiie illushated embodiment, die annular ultrasonic 
transducer (830) has a unitary cylmdrical shape witii a hollow interior (i.e., is tubular 
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shaped); however, the transducer applicator (830) can have a generally annular shape and 
be formed of a plurality of segments. For instance, the transducer applicator (830) can be 
formed by a plurality of tube sectors that together fonn an annular shape. The tube sectors 
can also be of sufficient arc lengths so as when joined together, the sectors assembly forms 
5 a "clover-leaT shape. This sh^e is believed to provide overlap in heated regions between 
adjacent elements. The generally annular shape can also be formed by a plurality of planar 
transducer segments which are ananged in a polygon shape (e.g., hexagon). In addition, 
although in the illustrated embodiment the ultrasonic transducer comprises a single 
transducer element, the transducer q)plicator can be formed of a multi-element array, as 
10 described in greater detail below. 

As is shown in detail in Figure 16D, cylindrical ultrasound transducCT (830) 
' includes a tubular wall (831) which includes three concentric tubular layers. The central 
layer (832) is a tubular sh^ied member of a piezoceramic or piezoelectric crystalline 
material. The transducer preferably is made of type PZT-4, PZT-5 or PZT-8, quartz or 
15 LiAium-Niobate type piezoceramic material to ensure high power output c^abilities. 
These types of transducer materials are commercially available ftom Stavely Sensors, Inc. 
of East Hartford, Connecticut or from Valpey-Fischer Corp. of Hopkmton, Massachusetts. 

Hie outer and mner tubular members (833,834) enclose central layer (832) within 
their coaxial space and are constructed of an electrically conductive material. In the 
20 illustrated embodiment, tiiese transducier electrodes (833, 834) comprise a metalUc coating, 
and more preferably a coating of nickel, copper, silver, gold, platinum, or alloys of these 
metals. 

Oiie more detailed construction for a cylindrical ultrasound transducer for use in the 
present application is as follows. The length of the transducer (830) or transducer 

25 assembly (e.g., multi-element array of transducer elements) desirably is selected for a 
given clinical application. In connection with forming circumferential condition blocks in 
cardiac or puhnonary vein wall tissue, the transducer lengttx can fidl wifliin tiie range of 
approximately 2 mm up to greater than 10 mm, and prrfsrably equals about 5 mm to 10 
mm. A transducer accordingly sized is believed to form a lesion of a width sufficient to 

30 ensure the integrity of the formed conductive block without undue tissue ablation. For 
otiiCT implications, however, tiie length can be significantiy longer. 
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Likewise, the transducer outer diameter desirably is selected to account for delivery 
toough a particular access path (e.g., percutaneously and transeptaUy), for proper 
placement and location within a particular body space, and for achieving a desired 
ablation effect In the given appUcation within or proximate of the puhnonary vein ostium, 

5 the transducer (830) preferably has an outer diameter within the range of about 1.8 mm to 
greater than 2.5 mm. It has been observed that a transducer with an outer diameter of 
about 2 mm generates acoustic power levels approaching 20 Watts per centimeter radiator 
or greater within myocardial or vascular tissue, which is believed to be sufficient for 
ablation of tissue engaged by the outer balloon for up to about 2 cm outer diameter of the 

10 balloon. For applications m other body spaces, the transducer applicator (830) may have 
an outer diameter within the range of about Inun to greater than 3-4 mm (e.g., as large as 1 

to 2 cm for applications in some body spaces). 

The central layer (832) of the transducer (830) has a thickness selected to produce a 

desired operating frequency. The operating frequency wiU vary of course depending upon 
15 clinical needs, such as the tolerable outer diameter of the ablation and Ae depth of heatmg, 
as well as upon the size of the transducer as limited by the delivery path and the size of the 
target site. As described in greater detail below, the transducer (830) in the illustrated 
application preferably operates within the range of about 5 MHz to about 20 MHz, and 
more preferably within the range of about 7 MHz to about 10 MHz. Thus, for example, the 
20 transducer can have a thickness of approximately Q.3 mm for an operating frequency of 
about 7 MHz (i.e., a thickness generally equal to V^ the wavelength associated With the 
desired operating frequency). 

The transducer (830) is vibrated across the wall thickness and to radiate collimated 
acoustic energy in the radial direction. For this purpose, as best seen in Figures 16A and 
25 16D, the distal ends of electrical leads (836,837) are electrically coupled to outer and inner 
tubular members or electrodes (833,834), respectively, of the transducer (830), such as, for 
example, by soldering the leads to the metallic coatings or by resistance welding. In the 
illustrated embodiment, the electrical leads are 4-8 mil (0.004 to 0.008 mch diameter) 
silver wire or tiie like. 

30 The proxanal ends of these leads are adqjted to couple to an ultrasonic driver or 

actuator (840), which is schematically illustrated in Figure 16D. Figures 16A-D further 
show leads (836,837) as separate wires within electrical lead lumen (808), m v*ich 
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configuration Ihe leads must be well insulated when in close cbntact Other configurations 
for leads (836,837) are therefore contemplated. For example, a coaxial cable may provide 
one cable for both leads which is well insulated as to inductance interfiaence. Or, the leads 
may be communicated toward the distal end portion (812) of the elongate body through 
different lumens which are separated by the catheter body. 

The transducer also can be sectored by scoring or notching the outer transducer 
electrode (833) and part of Ae central layer (832) along lines parallel to the longitudinal 
axis L of the transducer (830), as illustrated in Figure 16E. A separate electrical lead 
connects to each sector in order to couple the sector to a dedicated power control that 
individually excites the corresponding transducer sector. By controlling the driving power 
and operating frequency to each individual sector, the ultrasonic driver (840) can enhance 
' the uniformity of the ultrasonic beam around the transducer (830), as weU as can vary the 
degree of heating (i.e., lesion control) in the angular dimension. 

The ultrasound transducer just described is combined with the overall device 
assembly according to the present embodiment as foUows. In assembly, the transducer 
(830) desirably is "air-backed" to produce more energy and to enhance energy distribution 
uniformity, as known in the art In other words, the inner member (803) does not contact 
an appreciable amount of the inner surfiice of transducer inner tubular member (834). This 
is because the piezoelectric crystal which forms central layer (832) of ultrasound 
transducer (830) is adapted to radially contract and expand (or radially ♦'vibrate") when an 
alternating current is applied ftom a current source and across the outer and inner tubular 
electrodes (833,834) of the crystal via the electrical leads (836,837). This controlled 
vibration emits the ultrasonic energy which is adapted to ablate tissue and form a 
circumferential conduction block according to the present embodiment Therefore, it is 
believed that appreciable levels of contact along the surface of the crystal may provide a 
dampening effect which would dimiiiish the vibration of the crystal and thus limit the 
efficieiMy of ultrasound transmission. 

For this purpose, the transducer (830) seats coaxiaUy about the inner member (803) 
and is supported about the inner member (803) in a manner providing a gap between the 
inner member (803) and the transducer famer tubular member (834). That is, the inner 
tubular member (834) forms an interior bore (835) which loosely receives the inner 
member (803). Any of a variety of structures can be used to support the transducer (830) 
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about the imier member (803). For instance, spacers or splmes can be used to coaxially 
portion the transducer (830) about the imier member (803) while leaving a generally 
anmdarspacebetv^thesecomponents.Inthedtemative,otherc^^^^^ 
approaches to support the transducer can also be used. For instance, 0-rings that 
5^ circumscribe the mner member (803) and lie between the imier member (803) and the 
transducer (830) can support the transducer (830) in a mamier Mar to that illustr^ 

U.S. Patent No. 5,606,974, issued March 4. 1997, and entitled "Catheto 
Device." More detailed examples of the alternative transducer support structures just 
described are respectMly disclosed in the foUoxving references: U.S^ 
,0 Diederich, issued April 15, 1997, and entitled "Method and Apparatus for Themi^ 

of Tumors," and U.S. Patent No. 5,606,974 to Castellano, issued March 4, 1997. and entitled 
. "Catheter Having Ultmsonic Device." The disclosures of these references are herein 
incorporated m their entirety by reference thereto. 

In the iUustrated embodiment, a stand-off (838) is provided in order to ensure that 
,5 the transducer (830) has a radial separation from the imier member (803) to form a gap 
filled with air and/or other fluid. In one preferred mode shown in Figure 16C. stand-off 
(838) is a mbular member with a plurality of circumferentiaUy spaced outer splines (839^ 

which hold the majority of the transducer imier surfece away tom the surfece of the st^^^ 
off between the splines, thereby minimizing dampening affects from the coupling of the 
20 transducer to the catheter. The tubular member which fomis a stand-off such as stand-off 
(838) m the Figure 16C embodiment may also provide its imier bore as the guidewire 
lumen in the region of the ultrasound transducer, in the alternative to pro^^^ 
stand-off coaxially over another tubular member which forms the imier member, such as 
according to the Figure 16C embodiment 
25 In a farther mode, the elongate body (802) can also include additional Imnens 

which Ue either side by side to or coaxial with the guidewire lumen (804) and which 
terminate at ports located within the space between the imier member (803) and the 
transducer (830). A cooling medium can circulate through space defined by the stand-off 
(838) between Ae mner member (803) and the transducer (830) via these additional 
30 lumens. By way of example, carbon dioxide gas, circulated at a rate of 5 liters per minute, 
can be used as a suitable cooUng medimn to maintain the transducer at a lower operating 
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temperature. It is beUeved that such thermal cooling would aUow more acoustic power to 
transmit to the togeted tissue without degradation of the transducer material. 

The transducer^(830) desirably is electricdly and mechanicaUy isolated fiom 
interior of the balloon (820). Again, any of a variety of coatings, dieaths, sealants, tubings 
5 and the like may be suitable for this purpose, such as those described in U.S. Patent Nos. 
5,620,479 and 5,606,974. In the illustrated embodiment, as best illustrated in Figure 16C, 
a conventional, flexible, acoustically compatible, and medical grade epoxy (842) is appUed 
over the transducer (830). The epoxy (842) may be, for example, Epotek 301, Epotek 310, 
which is available commercially from Epoxy Technology, or Tracon FDA-8. In addition, 
10 a conventional sealant, such as, for example. General Electric Silicon H gasket glue and 
sealant, desirably is applied at the proximal and distal ends of the transducer (830) around 
the exposed portions of the inner member (803), wires (836, 837) and stand-off (838) to 
seal the space between the transducer (830) and the inner member (803) at these locations. 
An ultra thin-walled polyester heat shrink tubing (844) or the like then seals the 
15 epoxy coated transducer. Alternatively, the epoxy covered transducer (830), inner member 
(803) and stand-off (838) can be instead inserted into a tight thin wall rubber or plastic 
tubing made from a material such as Teflon®, polyethylene, polyurethane, silastic or the 
like. The tubing desirably has a thickness of 0.0005 to 0.003 inches. 

When assembling the ablation device assembly, additional epoxy is injected into 
20 the tubing after the tubing is placed over the epoxy coated transducer (830). As the tube 
shrinks, excess epoxy flows out and a thin layer of epoxy remains between the transducer 
and the heat shrink tubing (844). These layers (842, 844) protect the transducer surface, 
help acoustically match the transducer (830) to the load, makes the ablation device more 
robust, and ensures air-tight integrity of the air backing. 
25 Although not iUustrated in Figure 16A in order to simplify the drawing, the tubing 

(844) extends beyond the ends of transducer (830) and surrounds a portion of the inner 
member (803) on either side of the transducer (830). A filler (not shown) can also be used 
to support the ends of the tubing (844). Suitable fillers include flexible materials such as, 
for example, but without limitation, epoxy, Teflon® tape and the like. 
30 The ultrasonic actuator (840) goierates alternating current to power the transducer 

(830). The ultrasonic actuator (840) drives the transducer (830) at fi^quencies wiAin the 
range of about 5 to about 20 MHz, and preferably for the iUustrated appUcation within the 
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range of about 7 MHz to about 10 MHz. In addition, the ulteasonic driver can modulate 
the driving ftequencies and/or vary power in order to smoolh or unify the produced 
coUimated ultrasonic beam. For Instance, the function generator of the ultrasonic actuator 
(840) can drive the transducer at frequencies vnlto 
continuously or discretely sweeping between these frequencies. 

The ultrasound transducer (830) of the present embodiment sonically coiq)les with 
the outer skin of the balloon (820) in a manner which forms a circumferential conduction 
block in a puhnonary vein as follows. Initially, the ultrasound transducer is believed to 
emit its energy in a circumferential pattern which is highly coUimated along the 
transducer's length relative to its longitudinal axis L (see Figure 16D). The circumferential 
band therefore maintains its width and circmnferential pattern over an appreciable range of 
' diameters away from the source at the transducer. Also, the baUoon is preferably inflated 
with fluid which is relatively ultrasonically transparent, such as. for example, degassed 
water, -nierefore, by actuating the transducer (830) white the balloon (820) is inflated, the 
circumferential band of energy is allowed to translate through the inflation fluid and 
ultimately sonically coupte with a circumferential band of balloon skin which 
circumscribes the baUoon (820). Moreover, the circumferential band of balloon skin 
niaterial may also be fiirther engaged along a circumferential path of tissue which 
circumscribes the balloon, such as, for example, if the baUoon is inflated within and 
, engages a puhnonary vein waU, ostium, or region of atrial waU. Accordmgly. where the 
baUoon is constructed of a relatively ultrasonicaUy transparent material, the circumferential 
band of ultrasound energy is allowed to pass through the baUoon skin and into the engaged 
circumferential path of tissue such that the circumferential path of tissue is ablated. 

Further to the transducer-baUoon relationship just described, the energy is coupled 
>S to the tissue largely via the inflation fluid and balloon skin. It is beUeved that, for in vivo 
uses of the present invention, the efficiency of energy coupUng to the tissue, and t^^ 
ablation efficiency, may significantiy diminish in circumstances where there is poor 
contact and conforming interface between tiie baUoon skin and the tissue. Accordingly, it 
is contemplated that several different balloon types may be provided for ablating different 
30 tissuestructuressothataparticularshapemaybechosenforaparticularregi^^ 

be ablated. 
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In one particular balloon-transducer combination shown in Figure 16A and also in 
Figure 18A, the ultrasound transducw preferably has a length such that the ultrasonically 
coupled band of the baUoon skin, having a similar length d according to the coUimated 
ultrasound signal, is shorter than the working length D of the balloon. According to this 
aspect of the relationship, the transducer is ads^ted as a circumferential ablation member 
which is coupled to the balloon to form an ablation element along a circumferential band 
of the balloon, therefore forming a circumferential ablation element band which 
circumscribes the baUoon. Preferably, the transducer has a length which is less than two- 
thiids the working length of the balloon, and more preferably is less than one-half the 
woridng length of the balloon. By siring the ultrasonic transducer length d smaller than 
the working length D of the balloon (820) - and hence shorter than a longitudinal length of 
the engagement area between the balloon (820) and the wall of the body space (e.g., 
pulmonary vein ostium) - and by generally centering the transducer (830) within flie 
balloon's workmg length D, the transducer (830) operates in a field isolated fiom the blood 
pool. A generally equatorial position of the transducer (830) relative to the ends of the 
balloon's working length also assists in the isolation of the transducer (830) ftom the blood 
pool. It is beUeved that the transducer placement according to this anangement may be 
preventative of thrombus formation which might otherwise occur at a lesion sight, 
particularly in tiie left atrium. 

The ultrasound transducer described m various levels of detail above has been 
observed to provide a suitable degree of radiopacity for locating the energy source at a 
desired location for ablating the conductive block. However, it is further contranplated 4at 
the elongate body (802) may include an additional radiopaque maricer or maricers (not 
shown) to identify the location of the ultrasonic transducer (830) in order to fecilitate 
placement of the transducer at a selected ablation region of a pulmonary vein via X-ray 
visualization. The radiopaque marker is opaque under X-ray, and can be constructed, for 
example, of a radiopaque metal such as gold, platinum, or tungsten, or can comprise a 
radiopaque polymer such as a metal loaded polymer. The radiopaque mariter is positioned 
coaxially over an inner tubular member (803), in a manner similar to that described in 
connection with the embodimont of Figure 13. 

The present circumferential ablation device is introduced into a puhnonary vein of 
the left atrium in a manner simUar to that described above. Once properly positioned 
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within the pulmonary vein or vein ostium, the pressurized fluid source inflates the balloon 
(820) to engage flie lumenal sm&sx of tihe puhnonaiy vein ostium. Once piropedy 
positioned, the ultrasonic driver (840) is energized to drive the transducer (830). It is 
believed tibat by driving the ultrasonic transducer 830 at 20 acoustical watts at an qpoating 
5 frequency of 7 megahertz, that a sufBciently sized lesion can be formed circumferentially 
about tiie puhnonaiy vein ostium in a relatively short period of time (e.g., 1 to 2 minutes or 
less). It is also contemplated tiiat tiie control level of energy can be delivered, tiien tested for 
lesion formation with a test stimulus m the pulmonary vem, either from an electrode 
provided at the tip area of die ultrasonic ca&eter or on a separate device such as a guidewire - 
10 through tiie ultrasonic cirthrter. Thaefore, the procedure rosy involve ablation at a first 
energy level in time, tiien check for the effective conductive block provided by the resulting 
' lesion, and then subsequent ablations and testing until a complete conductive block is 
formed. In the alternative, tiie circumferential ablation device m^ also include feedback 
control, for example, if tiiermocouples are provided at die drcumferential element formed 
15 along tiie balloon outer surfece. Monitoring temperature at tins location provides indicia for 
die progression of die lesion. TUs feedback feature may be used in addition to or in die 
alternative to die multi-step procedure described above. 

Figures 17A-C show various altemaitive embodiments of tiw presmt invention for 
tixe purpose of illushttting die relationship between die uhrasound tiansducer and balloon 
20 of die present invention just described above. More specifically, Figure 17A shows fl»e 
balloon (820) having "straight" configuration widi a woridng lengtii D and a relatively 
constant diameter X between proxunal and distal tapers (824, 826). As is shown in Figure 
17A, this variation is believed to be particularly well adqited for use in forming a 
circumferential conduction block aloi^ a circumferential patii of tissue which 
25 circumscribes and transects a puhnonary vein wall. However, unless die balloon is 
constructed of a material having a high degree of compliance and conformability, tins 
shape may provide for gaps in contact between die desired drcumferential band of tissue 
and die circumferaitial band of die balloon skin along die working lengdi of die baUoon 
(820). 

30 The balloon (820) in Figure 17A is also concentrically positioned relative to die 

longitudinal axis of die elongate body (802). It is undrastood, however, diat dw balloon 
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can be asymmetrically positioned on the elongate body, and that the ablation device can 
include more than one balloon. 

Figure 17B shows another assembly according to the invention, although Has 
assembly includes a baUoon (820) which has a tapered outer diameter fiom a proximal 

5 outer diameter Xj to a smaller distal outer diameter X,. (Like reference numerals have 
been used in each of these embodiments in order to identify generally common elements 
between the embodiments.) According to this mode, this tapered shape is believed to 
conform well to other tapering regions of space, and may also be particularly beneficial for 
use m enga^ng and ablating circumferential paths of tissue along a puhnonary vein 

10 ostium. 

Figure 1 7C further shows a similar shape for tiie balloon as that just illustrated by 
• reference to Figure 17B, except dial die Figure 17C embodiment fiirther includes a balloon 
(820) and includes a bulbous proximal end (846). In the illustrated embodiment, the 
proximate bulbous end (846) of the central region (822) gives die balloon (820) a "pear^- 
15 shape. More specifically, a contoured surface (848) is positioned along the tapered 
working length L and between proximal shoulder (824) and the smaller distal shoulder 
(826) of baUoon (820). As is suggested by view of Figure 17C, this pear shaped 
embodiment is believed to be beneficial for forming die circumferential conduction block 
along a circumferential patii of atiial wall tissue which surrounds and perhaps includes die 
20 pulmonary vein ostium. For example, the device shown m Figure 17C is believed to be 
suited to form a sunilar lesion to dat shown at circumferential lesion (850) m Figure 17D. 
Circumferential lesion (850) electrically isohites die respective puhnonary vem (852) fiom 
a substantial portion of die left atrial wall. The device shown m Figure 17C is also 
believed to be suited to form an elongate lesion which extends along a substantial portion 
25 of die puhnonary vein ostium (854), e.g., between die proximal edge of die Ulustrated 
lesion (850) and die dashed line (856) which schematically marks a distal edge of such an 
exemplary elongate lesion (850). 

As mentioned above, die transducer (830) can be formed of an array of multiple 
transducer elements diat are ananged m series and coaxial. The transducer can also be 
30 formed to have a plurality of longitudinal sectors. These modes of die transducer have 
particular utility in connection widi die tapering balloon designs illustrated in Figures 17B 
and 17C. In diese cases, because of die differing distances along die lengtii of die 
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transducer between the transducer and the targeted tissue, it is believed that a non-uniform 
heatmg deirth could occur if the transducer were driven at a constant 

uniformly heat the Weted tissue along the lengA of the transdw^ 
may therefore be required at the im)ximal end than at the distal end because 
5 as i/radius from a source (ix..tom the transducer) in water Moreov«^^ 

(830) is operating in an attenuating fluid, then the deshed power level may need to account 
for the attenuation caused by the fluid. The region of smaller balloon diameter near the 
distal end thus requires less transducer power output than the region of larger bd^^^^ 

diameter near the proxunal end. Further to this premise, m a more specific embodiment 
iO transducer elements or sectors, which are individuaUy powered, can be provided a^^ 

produce a tapering ultrasound power deposition. Hiat is, the proxunal transducer element 
or sector can be driven at a higher power level than the distal transducer element or sector 
so as to enhance the unifomiity of heating when the transducer Ues skewed relative to the 

target site. . 
15 The circumferential ablation device (800) can also include additional mechanisms 

to control the depth of heating. For instance, the elongate body (802) can include an 
additional lumen which is arranged on the body so as to circulate the inflation fluid 
through a closed syst«m A heat exchanger can remove heat from the inflation fluid and 
the flow rate through the closed system can be controlled to regulate the temperature of t^^ 

20 inflation fluid. Tlie cooled inflatioii fluid within the balloon (820) can thus act as a heat 
sink to conduct away some of the heat from die targeted tissue and maintain the tissue 

below a desired temperature (e.g.. 90 decrees C). and thereby increase the depth of heating. 
Tliat is, by mamtaining die temperature of the tissue at the balloonMssue interface below a 
desired temperature, more power can be deposited m the tissue for greater penetration. 
25 Conversely, the fluid can be allowed to warm. This use oftMs feature and the temperate 
of die inflation fluid can be varied from procedure to procedure, as well as during a 
particular procedure, ih order to tailor the degree of ablation to a given appUcation or 
patient 

TTie deptii of heating can ako be controlled by selecting the inflation material to 
30 have certain absorption characteristics. For example, by selecting an inflation material 
with higher absorption than water, less energy will reach the balloon waU. tiiereby limiting 
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thermal penetration into the tissue. It is believed that the following fluids may be suitable 
for ttiis application: vegetable oil, silicone oil and the like. 

Uniform heating can also be enhanced by rotating the transducer within the 
balloon. For this purpose, the transducer (830) maybe mounted on a torquable member 
5 which is movably engaged within a lumen that is formed by the elongate body (802). 

Another aspect of the balloon-transducer relationship of the present embodiment is 
also Ulustrated by reference to Figures 18A-B. In general as to the variations embodied by 
those figures, the circumferential ultrasound energy signal is modified at the balloon 
coi^ling level such that a Aird order of control is provided for the tissue lesion patton (the 
10 first order of control is the transducer properties affecting signal emission, such as length, 
width, shape of the transducer crystal; the second order of control for tissue lesion pattern 
is the balloon shape, per above by reference to Figures 17A-C). 

More particularly, Figure 18A shows balloon (820) to include a filter (860) which 
has a predetermined pattern along the balloon surface and which is adapted to shield tissue 
15 fiom the ultrasound signal, for example, by either absorbing or reflecting tiie ultrasound 
signal. In the particular variation shown in Figure 18 A, the filter (860) is patterned so that 
the energy band which is passed through the balloon wall is substantially more narrow tiian 
tiie band whidi emits from die transducer (830) internally of die balloon (820). The filter 
(860) can be constructed, for example, by coating tiie baUoon (820) with an ultrasonically 
20 reflective material, such as witii a metol, or witii an ultrasonically absorbent material, such 
as witii a polyuretiiane elastomer. Or, the filter (860) can be formed by varying tiie 
balloon's wall thickness such tiiat a circumferential band (862), vAdch is narrow in tiie 
longitudinal direction as compared to the lengtii of tiie balloon, is also thinner (in a radial 
direction) tiian tiie surrounding regions, tiiereby preferentially allowing signals to pass 
25 tiirough tiie band (862). The tiiicker walls of tiie balloon (820) on eitiier side of tiie band 
(862) inhibit propagation of tiie ultrasonic energy tiut>ugh tfie balloon skin at tiiese 
locations. 

For various reasons, the "narrow pass filter" embodiment of Figure ISA may be 
particularly well suited for use in forming circumferential conduction blocks in left atrial 
30 wall and puhnonary vein tissues according to die present inventioa It is believed tiiat the 
efficiency of ultrasound transmission from a pie2X>electric transducer is limited by tiie 
lengtii of tiie transducer, which limitations are further believed to be a function of tiie 
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wavelength of the emitted signal. Thus, for some applications a transducer (830) may be 
required to be longer than the length which is desired for the lesion to be formed. Many 
procedures intending to form conduction blocks in the left atrium or puhnonary veins, 
such as, for example, less-invasive «maze".type procedures, require only enough lesion 
width to create a functional electrical block and to electrically isolate a tissue region, to 
addition, limiting the amount of damage formed along an atrial wall, even in a controUed 
ablation procedure, pervades as a general concem. However, a transducer that is 
necessary to form that block, or which may be desirable for other reasons, may require a 
length which is much longer and may create lesions which are much wider than is 
ftmctionally required for the block. A "narrow pass" filter along the balloon provides one 
solutionto such competing interests. 

Figure 18B shows another variation of the balloon-transducer relationship in an 
ultrasound ablation assembly according to the present inventiotx. Unlike the variation 
shown m Figure 18A, Figure 18B shows placement of an ultrasonicaUy absorbent band 
(864) along balloon (820) and directiy m the central region of tiie emitted energy signal 
from transducer (830). According to this variation, the ultrasonically absorbent band (864) 
is adapted to heat to a significant temperature rise when sonically coupled to the transducer 
via tiie ultrasound signal. It is believed that some ablation metiiods may benefit from 
combinmg ultrasound/tiiermal conduction modes of ablation in a targeted circumferential 
band of tissue, to another aspect of tins variation, ultrasonically absorbent band (864) may 
operate as an energy smk as an aid to control the extent of ablation to a less traumatic and 
mvasive level tiian would be reached by aUowmg tiie raw ultrasound energy to couple 
directiy to tiie tissue, to otiier words, by heating tiie absorbent band (864) ttie signal is 
diminished to a level tiiat might have a more controlled deptii of tissue ablation. Further to 
tiiis aspect, absorbent band (864) may tiierefore also have a widfli which is more 
commensurate witii tiie lengtii of tiie transducer, as is shown in an alternative mode to 
shadow at absorbent band (864). 

In each of tiie embodiments Ulustrated m Figures 16A tiirough 18B, tiie ultrasonic 
traiisducer had an annular shape so as to emit ultrasonic energy around tiie entire 
circumference of tiie balloon. The present circumferential ablation device, however, can 
emit a coUimaled beam of ultrasonic energy in a specific angular exposure. For instance, 
as seen in Figure 19A, tiie transducer can be configured to have only a sin^e active sector 

SUBSTITUTE SHEET (RULE 26) 



wo 99/02096 



PCT/US98/14220 



(e.g., 1 80 degree exposure). The transducer can also have a planar shape. By rotating the 
elong^ body (802), the transducer (830) can be swept through 360 degrees in order to 
form a circumferential ablation. For this purpose, the transducer (830) may be mounted on 
a torquable member (803), in the manner described above. 

Figure 19B illustrates another type of ultrasonic transducer v*ich can be mounted 
to a torquable member (803) within the balloon (820). The transducer (830) is formed by 
curvilinear section and is mounted on the inner member (803) with its concave surface 
facing in a radially outward direction. The inner member (803) desirably is formed with 
recess that substantially matdies a portion of the concave surfece of the transducer (830). 
The inner member (803) also includes longitudinal ridges on the edges of the recess that 
support the transducer above the inner member such that an an: gap is formed between Hast 
' transducer and the inner member. In this manner, the transducer is "air-backed." This 
spaced is sealed and closed in the manner described above in connection with the 
embodiment of Figures 1 6 A-E. 

The inverted ttansducer section produces a highly directional beam pattem. By 
sweeping the transducer through 360 degrees of rotation, as described above, a 
circumferential lesion can be formed while using less power than would be required with a 
planar or tubular transducer. 

It is to be fiirther understood that the various modes of Ae ultrasound-balloon 
embodiments just iUustrated by reference to Figures 16A-19B may be used according to 
several different particular methods such as those methods otiierwise set forth throughout 
this disclosure. For example, any of the ultrasound transducer embodiments may be used 
to form a conduction block in order to prevent or treat focal arrhythmia arising from a 
specific puhnonary vein, or may alternatively or additionally be used for joining adjacent 
linear lesions in a less-invasive "maze"-type procedure. 

While particular detailed description has been herein provided for particular 
embodiments and variations according to the present invention, it is further understood that 
various modifications and improvements may be made by one of ordinary skill according 
to this disclosure and witiiout departing from the broad scope of the invention. 
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What is claimed is: 

1, A ciraunferential ablation device assembly for foraun^ 
conduction block tiiat electrically isolates a substantial portion of a posterior left atrial waU 
of a left atrium in a patient from a substantial portion of a pulmonary vein which extends 
from tiie posterior left atrial wall at a pulmonary vein ostium, comprising: 

an elongate body with a proximal end portion, a distal end portion and a 
longitudinal axis tiiat extends between tiie proximal and distal end portions; and 

circumferential ablation member engaged to the distal end portion and including 
ablation element that is adapted to couple to an ablation artuator, tiie circumferential 
' ablation member being positionable at least in part witiun tfie puhnonary vein, such tiiat 
tiie ablation element when achiated by tiie ablation acftiator couples to and ablates a 
circumferential region of tissue located between tiie substantial portion of tiie puhnonary 
vein and tiie substantial portion of tiie posterior left atrial wall, tiiereby formmg a 
circumferential conduction block. 

2. The circumferential ablation device assembly of claim 1, tiie distal end 
portion of tiie elongate body fiirther comprising a guidewire tracking member which is 
adapted to slideably engage and track over a guidewhe positioned at least partially witiun 
tiie puhnonary vein and tiirough tiie pulmonary vem ostium such tiiat tiie circumferential 
ablation member may be positioned witiiin tiie puhnonary vem such tiiat tiie ablation 
element may be coupled to tiie circumferential region of tissue. 

3. The circumferential ablation device assembly of claim 1 , fiirtiier 
comprising: 

a guiding catiieter assembly having a guiding catiieter witii an inner lumen 
terminating at a distal tip which is adapted to be positioned within tiie left atrium and to 
deUver tiie distal end portion of tiie elongate body includmg tiie circumferential ablation 
) member mto tiie left atrium tiirough tiie uiner lumen. 
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4. The circumferential ablation device assembly ofclaim 3, y^erein the 
guiding catheter assembly is adapted to position the guiding catheter within a right atrium 
and across a fossa ovalis such that the distal tip of the guiding catheter is within the left 
atrium and further such that the guiding catheter is adapted to deliver the distal end portion 

5 of the elongate body, including the circumferential ablation member transeptally into the 
left atrium. 

5. The circumferential ablation deviw assembly of claim l,fur^ 
comprising: 

10 a linear ablation member secured to tiie distal end portion of the elongate member 

and having a linear ablation element that is adapted to couple to an ablation actuator, and 
tiie linear ablation member being adapted to engage a region of atrial wall tissue extending 
from tiie puhnonary vein such that the linear ablation element may be coupled t^ 

ablate a continuous lesion along the region of atrial wall tissue. 

15 

6. The circumferential ablation device assembly of claim I , further comprismg 
an anchor which is adapted to secure the circumferential ablation member within the 
pulmonary vein. 

20 7. The circumferential ablation device assembly of claim 1, tiie circumferential 

ablation member further comprising: 

an expandable member positioned along tiie distal end portion of tiie elongate body 
and tiiat is adapted to couple to an expansion actuator, tiie expandable, member having a 
working lengtii along tiie longitudinal axis which is adjustable witii said expansion actuator 
25 between a radially collapsed position and a radially expanded position, and having an outer 
surface along tfie working lengtii witti an expanded outer diameter which is adapted to 
engage the circumferential region of tissue, 

the ablation element being adapted to couple to tiie outer surface of tiie expandable 
member and to ablate tiie circumferential region of tissue when tiie outer surface of tiie 
30 expandable member is engaged to tiie circumferential region of tissue. 

8. The circumferential device assembly of claim 7, 
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the working length also being adapted to conform to and engage the pulmonary 
vein ostium when in the radially expanded position, and the ablation element being 
adapted to couple to the working length of the expandable member and also to ablate the 
circumferential region of tissue adjacent to the working length when the working length is 
conformed to and engaged with the puhnonary vein ostium. 

9. Thecircumferentialablationdeviceassembly of claim 8, wherein the 
working length of the expandable member in the radially expanded position has a proximal 
region and a distal region and also has a tapered shape with a distally reducing outer 
diameter from the proximal region to the distal region. 

' 10. Thecircumferentialablationdeviceassembly of claun 9, wherein the 

working length is "pear"-shaped with a contoured surface between the proximal and distal 
regions such that the proximal region is adapted to confront the pulmonary vein ostium 
when in the radially expanded position. 

1 1 . The circumferential ablation device assembly of claim 8, wherein the 
expandable member comprises an inflatable balloon which is adapted to couple to a 
pressurizeable fluid source, the inflatable balloon being constructed of a compliant balloon 
material. 

12. The circumferential ablation device assembly of claim 1 1, wherein the 
compliant balloon material is selected from the group of materials consisting of silicone, 
latex rubber, polyvinyl chloride, and blends and combinations thereof. 

13. Thecircmnferentialablationdeviceassemblyofclaim 11, wherein the 
compliant balloon material comprises polyurethane. 

14. The circumferential ablation device assembly of claim 1, wherem the 
ablation element racUates ablative energy, and the circumferential ablation member fiirther 
comprismg: 
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a first shield, a second shield, and a md(Ue region extendm^ 
second shields relative to the longitudinal axis and which comiwises at least in part the 
ablation element, 

the first and second shields being adapted to engage first and second adjacent 
regions of tissue on respective opposite sides of said circumferential region of tissue and 
to shield the first and second adjacent regions of tissue firom coupling to the ablation 
element to thereby isolate ablative energy from the middle region and to the first and 
second adjacent regions of tissue. 

15. The circumferential ablation device assembly of claim 14, wherein 

the circumferential ablation member fiirther comprises an expandable member 
along the distal end portion which is adapted to couple to an expansion actuator and havmg 
a working length along the longitudinal axis which is adjustable between a radially 
collapsed position and a radially expanded positipn; 

the working length further comprises an outer surface with a circumferential band 
which circumferential band circmnscribes a portion of the outer surface with a 
circumferential band length along the longitudinal axis that is shorter than the working 
length and also witii an expanded outer diameter in the radially expanded position which is 
sufficient to engage the circumferential region of tissue; and 

the ablation element is coupled to the circumferential band to thereby form the 
middle region. 

16. The circumferential ablation device assembly of claim 1 5, wherein the 
ablation element further comprises an ablation electrode >^ch is adapted to electrically 
couple to an electrical current source and also to couple to the circumferential band in 
order to ablate the circumferential region of tissue engaged by the circumferential band. 

17. The circumferential ablation device assembly of claim 1 5, wherein the 
working length fiirther comprises first and second end portions with the circumferential 
band extending therebetween, and the ablation electrode is adapted to couple to the first 
and second end portions and also to the circumferential band, and the assembly fiirther 
comprising: 
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t electriMl insdator engaged to each of the first and se^^^ 
thereby form the first and second shields, respectively, which are a^ 
electrical coupUng between the ablation electrode and the first and second adjacent regions 
of tissue, also respectively. 

18. The circumferential ablation device assembly of claim 17, wherein the 
ablation electrode further comprises at least one electrode element positioned on the outer 
surfiice of the working length and which has a shape which is adapted to form the 

circumferential band. 



10 



19. The circumferential ablation device assembly ofclaim 15, wherein 
the expandable member fonns an outer skin of a conductive fluidchamber that is 

adaptedtocoupletoapressuriaablesourceofelectricallyconductivefluid; 

tiie circumferential band is adapted to pass a volume of electrically conductive fluid 

,5 from the conductive fluid chamber and into tiie circumferential region of tissue engaged to 

tiie circumferential band in the radially expanded position; and 

tiie ablation electrode is adapted to electrically couple to the electiically conduc^^^ 

fluid witiiin tiie conductive fluid chamber and tiierefore also to electrically couple to tiie 

circumferentid region of tissue engaged by tiie circumferential band via tiie electrical^^ 

conductive fluid flowing tiirough tiie circumferential band. 



20 



25 



20. The circumferential ablation device assembly ofclaim 19, 
tiie circumferential band forther comprising a porous membrane which is adsqited 
to pass tiie electrically conductive fluid from tiie conductive fluid chamber and into tiie 
circumferential region of tissue engaged by tiie cfrcumferential band. 



21. The circumferential ablation device assembly ofclaim 20, wherein 
tiie porous member further extends along tiie first and second end portions; and 
tiie first and second shields fiirther comprise first and second insulators, 
30 r^pectively, disposed on each of tiie first and second end portions, also respectively, 
which first and second insulators are adapted to block tiie passage of electrically 
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conductive fluid from the conductive fluid chamber and through the porous membrane 
along the first and second membrane end portions. 

22. The circumferential ablation device assembly ofclaim 15, wherein the 
5 ablation element ftirther comprises a tiiermal conductor which is adapted to couple to a 
tiiermal ablation actoiator and also to tiie circumferential band, such that tiiermal energy 
flows from the thermal conductor and into the circumferential region of tissue engaged by 
tiie circumferential band. 

10 23. The circumferential ablation device assembly of claim 22, wherein 

tiie working length fiirther comprises first and second end portions with the 
' circumferential band extending therebetween relative to the longitiidinal axis, and the 
thermal conductor is adapted to couple to tiie first and second end portions and also to tiie 
circumferential band; and 
15 tiie first and second shields fiirther comprise first and second tiiermal insulators, 

respectively, disposed on each of tiie first and second end regions, also respectively. 

24. The circumferential ablation device assembly ofclaim 22, vdiereintfie 
thermal conductor fiirtiier comprises an electrical conductor V*ich is adqjted to 

20 electrically couple to an electrical current source and also to resistively heat and emit 
tiiermal energy into tiie circumferential region of tissue engaged by tiie circurnfcrential 
band. 

25. The circumferential ablation device assembly of claim 22, wherein tiie 
25 tiiermal conductor is adapted to couple to a tiiermal energy source andalso to be 

conductively heated and tiiereby emit tiiermal energy into tiie circumferential region of 
tissue engaged by the circumferential band. 

26. The circumferential ablation device assembly of claim 25, v»ii«ein 

30 the expandable member fiirther comprises an inflatable balloon which forms a 

baUoon chamber tiiat is adapted to fluidly couple to apressurizeable source of tiiermally 
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conductive fluid, the circumferential band circumscribing an outer surface of the inflatable 
balloon; and 

the circumferential ablation member further comprises a heater element adapted to 
thermally couple to the thermally conductive fluid and also to the circumferential region of 
tissue engaged by the circumferential hand. 

27. Hie circumferential ablation device assembly of claim 15, wherein the 
working length of the «pandable member when adjusted to the radiaUy ex^ 

is adapted to engage a puhnonary vein ostium. 

28. The circumferential ablation device assembly of claim 15, wheremtiie 
working lengtii of die expandable member is adjustable between a plurality of radiaUy 
expanded positions, such tiiat the circumferential band includes a range of expanded outer 

diameters and tiie circumferential band is adapted to ablate a continuous circumferential 
lesion pattern in tissue engaged by die circumferential band over die range of expanded 
outer diameters. 

29. The circumferential ablation device assembly ofclaim 28, wherein die 
rcumferential band further comprises a secondary shape relative to die longitudinal axis 
and having a circumferential band lengfli relative to tiie longitudinal axis, the secondary 
shape being adapted such tiiat die circumferential band widfli shortens as the expanded 
outer diameter of die circumferential band increases when the workmg lengtii is expanded 
from a first radially expanded position to a second radially expanded position. 

30. The circumferential ablation device assembly of claim 29, wherein tiie 
secondary shape is selected from tiie group of shapes consisting of a serpentine shape and a 
sawtooth shqxs. 

31. The circumferential ablation device assembly ofclaim 28, wherein tiie 
circumferential band comprises a plurality of individual ablation elements positioned in a 
circumferentially spaced arrangement about tiie longitudinal axis, each said individual 
ablation element comprising a long axis and a short axis, die long axis having two opposite 
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end portions, each said individual ablation element also being positioned with its long axis 
skewed at an angle relative to the longitudinal axis, and each end portion of each said 
individual ablation element being positioned to form an overlap region with another end 
portion of another adjacent individual ablation element; and 
5 whereby adjusting the working length between two radially expanded positions and 

thereby adjusting the circuniferential band between two expanded outer diameters, the 
position of each individual ablation element is adjusted relative to each adjacent individual 
ablation element such that the overlap regions between adjacent individual ablation 
elements are reduced although maintained. 

10 

32. The circumferential ablation device assembly of claun 1 5, wherein tiie 
' expandable member comprises an inflatable balloon that fonns a portion of a balloon 

chamber which is adapted to fluidly couple to a pressurizeable fluid source, and 

wherein the inflatable balloon comprises a compliant balloon material which is 
15 adapted to conform to the pulmonary vein ostium when said inflatable balloon is advanced 
in the radially expanded position retrogradedly from a left atrium into the pulmonaiy vein 
and at least partially agamst the puhnonaiy vein ostium. 

33. The circumferential ablation device assembly of claim 32, wherem the 

20 compliant balloon material is selected from the group of materials consisting of silicone, 
latex rubber, polyvinyl chloride, and blends or combinations thereof. 

34. The circimiferential ablation device assembly ofclami 32, wherein the 
compliant balloon material comprises polyurethane. 

25 

35. The circumferential ablation device assembly of claim 1 5, whierein the 
circumferential band length is less than two-thirds of the woridng length of the expandable 
member. 

30 36. The circumferential ablation device assembly of claim 1 5, wherein the 

circumferential band in the radially expanded position has a circumference and the 
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ciicviinferentid band length is less than two-thi^ 

ciicumfeiential.band. . . 

■.-'■'/ ■ ■ .■ ■ ' ■ . . ■ . 

37. The circumferential ablation device assembly of claim 1, further 
comprising: 

an expandable member engaged to the distal end portion of the elongate member 
and having a working length along the longitudmal axis which is adjustable between a 
radially collapsed poation and a plurality of radiaUy expanded positions which correspond 
to a range of expanded outer diameters along the working length, the ablation element 
) being adapted to couple to the working length and also to ablate a continuous, 

circumferential path of tissue adjacent to the working length over the range of expanded 
outer diameters. 

38. The circumferential ablation device assembly ofclaim 37, wherein fee 
5 expandable member when adjusted to at least one pfthe radially expanded positions is 

ad^ted to conform to a puhnonary vein . 

39. The circumferential ablation device assembly of claim 38, wherein the 
working length in at least one of the radially expanded positions has a proximal region and 

20 a distal region and a shape having a taper with a distally reducing outer diameter from the 
proximal region to the distal region. 

40. The circumferential ablation device assembly of claim 37, wherein the 
expandable member comprises an inflatable balloon that is adapted to couple to a 

25 pressurizeable fluid source, and the inflatable balloon being constructed of a compliant 
balloon material which is adapted to engage the puhnonary vein ostium when advanced 
retrogradedly from a left atrium rate the puhnonary vein and against the puhnonary vein 
ostium. 



30 



41 . The circumferential ablation device assembly of claim 40, wherem tiie 
compliant balloon material is selected from the group of materials consisting of siUcone, 
latex rubber, polyvinyl chloride, and blends or combinations thereof. 
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42. The circumferentid ablation device assembly of claim 40,^ 
compliant balloon material comprises polyurethane. 

5 43. The circumferential ablation device assembly of claim 1 , die ablation 

element further comprising an electrode element which is adapted to couple to an electrical 
current souice and to ablate the circumferential region of tissue with electrical current. 

44. The circumferential ablation device assembly of claun 43, vidierein the 
10 electrode element is fixedly positioned dong the circunlferential ablation member 

to the distal end portion of the elongate body. 
' ■ ■ . 

45. The circumferential ablation device assembly of claim 1 , the ablation 
element further comprising a microwave antenna. 

15 

46. The circumferential ablation device assembly of claim 1 , the ablation 
element further comprising a cryogenic element 

47. The circumferential ablation device assembly of claim 1 , the ablation 
20 element further comprising an ultrasonic energy applicator. 

48. The circumferential ablation device assembly of claim 47, wherein the 
ultrasound energy applicator is engaged to the distal end portion of the elongate body at a 
fixed location relative to the longitudinal axis. 

25 

49. This circumferential ablation device assembly of claim 48, wherein the 
circumferential ablation member further comprises an anchor along the distal end portion 
of the elongate body and which anchor is adapted to secure said ultrasonic energy 
applicator at a fixed location witiiin tiie body space relative to tiie cm:umferential region of 

30 tissue. 
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50. nie dicumferential ablation device assembly of Claim 49, wherein said 
distal end portion, together with the ultrasonic energy appUcator and the anchor, are sized 
to be inserted into a puhnonary vein ostium. 

51. The circumferentid ablation device assembly as in Claim 50, wherein 
anchor comprises an expandable member. 

52. Hie circumferential ablation device assembly ofclaim 48, wherein 
the circumferential ablation member further comprises an expandable member 

located along the distal end portion and which is adapted to couple to an expansion 
actuator, the expandable member farther having a working length along the longitudinal 
• axis which is adjustable between a radially coUapsed position and a radially expanded 
position, the working length having a larger outer diameter when in the radiaUy 

position than when in the radially collapsed position, said expandable member being 
adapted to engage the circumferential region of tissue when in the radially expanded 

position; and 

said ultrasonic energy applicator is positioned witiiin the expandable member at a 
fixed location relative to the longitudinal axis. 

53. A circumferential ablation device assembly as in claim 52, farther 
oomprisir^: 

an expansion actuator which is coupled to the expandable member md which is 
adapted to adjust the expandable member ftom die radially collapsed position to the 
radially expanded position. 

54. A circumferential ablation device assembly as in Claim 52, wherein said 
expandable member in tiie radially expanded position is adapted to engage the puhnonary 
vein ostium. 
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55, A circumfisrential ablation device assembly as in Claim 52, wherein said 
expandable member in tiie radially expanded position is adapted to engage tiie pulmonary 
vdn wall. 
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56. The circumferential ablation device assembly of claim 52, wherein said 
expandable member further comprises a highly compliant elastomeric material. 

5 57. The curcumferential ablation device assembly of claim 52, wherein said 

ultrasonic energy applicator has a longitudinal length which is shorter than the woiidng 
length of &e expandable member. 

58. The circumferential ablation device . assembly of claim 52, wherein said 

1 0 ultrasonic energy applicator further comprises a single cylindrical ultrasound transducer. 

59. A method of treating atrial arrhythmia, comprising: 

introducing an ultrasonic energy applicator into a pulmonary vein from a left 

atrium; , 
I s positioning the ultrasonic energy ^plicator at a fixed location relative to a 

circumferential region of tissue located between a substantial portion of the puhnonary 

vein and a substantial portion of a posterior left atrial wall of the left atrium; 

activating the ultrasonic energy applicator to direct ultrasomc energy to the 

circumferential region of tissue; and 
20 heating the tissue to a temperature and depth sufficient to ablate the circumferential 

region of tissue and form a circumferential conduction block along the circumferential 

region of tissue. 

60. A method as in Claim 59, wherein said circumferential region of tissue is 
25 located within the pulmonary vein. 

61 . A method as m Claim 59, wherein said circumferential region of tissue is 
located within a puhnonary vem ostium of the puhnonary vem. 

30 62. A method as in Claim 59, wherein said circumferential region of tissue is 

located around a pulmonary vein ostium of the puhnonary vem and along the posterior left 
atrial wall. 
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63. A method as in Claim 59 additionally comprising anchoring the ultrasonic 
energy applicator at a fixed location relative to the puhnonaiy vein ostium. 

64. A method as in Claim 63, further comprising expanding an expandable 
member withm the putaionary vem such that the expandable member engages a puhnonaiy 
vein wall of the puhnonary vein. 

65. A method as in Claim 59, wherein said heating occurs for a sufficiait 
duration so as to form a substantially transmural lesion. 

66. A method as in Claim 59, wherein the ultrasonic energy applicator further 
comprises an array of transducer elements, and the method further comprising energizing 
the array of transducer elements m order to ablate the circumferential region of tissue. 

67. A method as in Claim 66, further comprismg energizing each of the array of 
transducer elements independently of one anoflier. 

68. A method for tieatmg atrial arrhythmia comprising forming a 
circumferential conduction block in a puhnonaiy vem, 

wherein the pulmonary vein has a longitudinal axis, a pulmonary vein wall, a 
puhnonary vein lumen, a puhnonary vem ostium located along a left atrial wall of a left 
atrium, and electrical conductivity along the puhnonary vein wall relative to the 

longitudinal axis, and wherem 

the circumferential conduction block formed is continuous along a cuxjumferential 
region of tissue along the pulmonary vein wall and thereby circumscribes the puhnonary 
vem lumen and transects the electrical conductivity of the puhnonary vem by blocking 
electrical conduction along the longitudinal axis. 

69. The method of claun 68, wherem the atrial airiiythmia origuiates at least m 
part from an arrhythmogenic origm located along the puhnonary vem wall, and wherem 
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the circumferential conduction block is located at a position along the longitudinal axis 
which includes.the arrhythmogenic ori^ 

70. The method of claun 68, wherein the atrial arrhythmia originates at least m 
5 part from an airhytimpgemc origin located along the puhnonar^ 

the circumferential conduction block is located at a position whidi is between the 
airhythmogenic origin and the left atrial wall, such that the left atrium is isolated from the 
electrical conduction propagating from the arrhythmogenic origin. 

10 71. The method of claim 68, further comprising: 

ablatii^ the circumferential region of tissue with a circumferential ablation device 
assembly having a circumferential ablation element coupled to a circumferential ablation 
member located on a distal end portion of an elongate catheter body, thereby forming a 
circumferential lesion which comprises the circumferential conduction block. 

15 

72. The method of claim 71 , wherein the circumferential region of tissue 
defines an ablation region where the circumferential conduction block is to be deshably 
formed, said method ftirther comprising: 

positioning the circumferential ablation element witiiin tiie pulmonary vein lumen 
20 at or adjacent to the ablation region; and 

actuating the cucumferential ablation element and ablating tiie circumferential 
region of tissue to thereby form the cucumferential conduction block. 

73. The method of claim 72, fiirther comprising: 

25 forming flie circumferential lesion to have a lesion width along tiie longitudinal 

axis and also a lesion circumference circumscribing tiie pulmonary vein, wherem the lesion 
width is less than two-thirds of the lesion circumference. 

74. The metiiod of claim 72, wherein tiie ablation region is in tiie region of the 
30 pulnionary vein ostium. 
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75. The method of claim 72, wberein the distal end portion of Ihe elongate 
further comprises a sensing element that is coupled to a signal monitoring circuit, »id 
method further comprising: 

monitoring electrical conduction signals along the puhnonary vein waU adjacent to 
the sensing element with the signal monitoring circuit; and 

identifying an origin of atrial arriiythmia in the puhnonary vein based upon the 

monitored electrical conduction signals. 

76. The method of chum 75, fiirflier comprising: 

selecting the ablation region located between the identified origin of atrial 

arrhythmia and the left atrium. 

77. The method ofclaim 72, wherein the circumferential ablation mismber 
farther comprises an expandable member that is adjustable between a radially collapsed 
position and a radially expanded position and that includes a working length coupled to 
and extending longitudinally of tiie circumferential ablation element, with an expanded 

outer diameter of the woridng length when m the radially expanded position tiiat is larger 
than a coUapsed outer diameter of the workmg lengtii when in tiie radiaUy coUapsed 
position, tiie expanded outer diameter being sufBcient to engage an inner circumference of 
the pulmonary vein wall, said metiiod farflier comprising: 

expanding tiie expandable member from the radially collapsed position to the 

radiaUy expanded position such tiiat at least a portion of tiie cucumferential outer surface 
aigages the puhnonary vein wall along the ablation region. 

78. The mediod ofclaim 77, furthw comprising: 

expanding tiie expandable member from tiie radially collapsed position to the 

radially ejqwnded position while ttie racpandable member is positioned witiiin tiie left 

atrium; and 

advancing flie expandable member when in tiie radially expanded position into tiie 
pulmonary vein ostium until at least a portion of tiie working lengtii coupled to tiie ablation 
element circumferentially engages tiie puhnonary vein wall in a region of tiie puhnonary 
vein ostium. 
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79. The method of claim 77, wherein the expandable member fu^ 

a balloon which is fluidly coupled to a pressurizeable fluid source, said method further 
comprising: 

expanding the balloon to the radially expanded position by pressurizing the balloon 
with fluid fix)m the pressurizeable fluid source. 

80. The method of claim 77, further comprising forming the circumferential 
lesion to have a lesion width relative to the longitudinal axis which is less than two-thirds 
of the working length of the expandable member. 

81. The method of claim 77, wherein the distal end portion of the elongate 
catheter body further includes a perfusion lumen extending between a distal perfusion port 
located distally of the expandable member and a proxmuil perfusion port located 
proximally of the expandable member, said method further comprising: 

allowing antegrade blood flow to perfuse into the distal perfusion port, through the 
perfusion lumen, and out the proximal perfusion port when the expandable member is in 
the radially expanded position. 

82. The method ofclaim 77, further comprismg: 

providing a kit which includes a plurality of said circumferential ablation device 
assemblies, the workmg length of each expandable member of each circumferential 
ablation device assembly in the kit having a different expanded outer diameter than the 
other expanded outer diameters of the other expandable members in the kit, when in the 
radially expanded position, said method further comprising: 

measuring a diameter of the pulmonary vein lumen at the ablation region where the 
circumferential conduction block is to be desirably formed; and 

selecting a circumferential ablation device from the kit of circumferential ablation 
devices according to the measured diameter. 

83. The method ofclaim 82, wherein the ablation region includes the 
pulmonary vein ostium. 
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84. Tlie method of claim 82, fiffther comprising: 

injecting contrait material into at least one of a right atrium, aright ven^ 

pulmonary artery; 

forming an X-ray image of Ae pvdmonary vein as the contrast material flows 
through the pulmonary vein in the ablation region; and 

measuring the diameter of the puhnonary vein at the ablation region using the X- 
ray image of the pubnonary vein. 

J 85. The method ofclaim 82, fiirther comprising: 

inserting an ultrasound imaging probe into an esophagus in a re^on adjacent to a 

heart and the puhnonary vein; 

forming a transesophageal ultrasonic image of the pulmonary vein using the 

ultrasound inuring probe; and , 
5 measuring the diameter of the puhnonary vein at the ablation region using tiie 

transesophageal ultrasonic ims^e. 

86. The metiiodofclaim 72, wherein the circumferential ablation device 
assembly fiirther comprises a linear lesion ablation member adjacent to die circumferential 
20 abUition element, said Imear lesion ablation member mcludmg a Unear lesion ablation 
element, metiiod further comprising: 

contacting an elongate region of tissue adjacent to the ablation repon wifli flie 

linear lesion ablation elemmt; and 

actuating tiie linear lesion ablation element and formmg a linear lesion hi the 

25 elongate region of tissue. 

87. The metiiod of claim 86, wherein the puhnonary vein ostium is a first 
ostium of a pair of adjacent ostia formed along die left atrial wall by die puhnonary vem 
and a second puhnonary vein adjacent to die puhnonary vem, and wherem die Imear lesion 
30 ablation member has a distal end adjacent to die chcumfeiential ablation member and also 
has an opposite proximal end located along die distal end portion of die elongate cadieter 
body, said mediod further compriang: 
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anchoring the distal end of the linear lesion ablation member with a first anchor by 
expanding the expandable member to tiic radially expanded position such that the woridng 
length engages the puhnonary vein wall; and 

anchoring the proximal end of the Imear lesion ablation member with a second 
anchor in the region of the other of the pair of adjacent ostia. 

88. The method of claim 86, wherein the circumferential lesion and the linear 
lesion are formed such that they intersect at least at one location. 

89. The method ofclaim 72, wherem the distal end portion of the elongate 
catheter body further comprises a distal guidewire tracking member which Is adapted to 
' slideably track and advance over a guidewire, said method further comprising: 

advancing a distal guidewire end portion of the guidewire from the left ^um and 
into the pulmonary vein through the pulmonary vein ostium; and 

advancing the distal guidewire tracking member over the guidewire until the 
circumferential ablation element is located at least in part within the.pulmonary vein in the 
ablation region. 

90. The method of claim 89, wherein the distal guidewire tracking member 
further forms a bore extending between a first distal guidewire port located on the elongate 
catheter body distally of the woridng length and a second distal guidewire port located 
along the elongate catheter body proximally of the distal guidewire port, the distal 
guidewire tracking member being adapted to slideably track over the guidewire slideably 
received into the distal bore through the first and second distal guidewire ports, said 
method further comprising: 

slideably coupling the guidewire with the distal guidewire tracking member by 
engaging the guidewire within the distd bore through the first and second distal guidewke 
ports. 

91 . The method of claim 90, wherein the second distal guidewire port is located 
on the distal end portion of the elongate body, and vAerein the guidewire distal end portion 
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is advanced into the pulmonary vein before the guidewire is slideably coupled with the 
distal guidewire, tracking member. 

92. A method for treating atrial arrhythmia in a left atrium which includes a left 
5 posterior atrial wall having a plurality of puhnonary vein ostia, comprising: 

electrically isolating a first ostium of the plurality of pulmonary vein ostia &om a 
substantial portion of the left posterior atrial wall which substantial portion includes at 
least one of the other pulmonary vein ostia. 

10 93. The method of claun 92, wherein the substantial portion comprises at least a 

first portion containing said at least one of the other puhnonary vein ostia and a second 
portion, and fiirther comprising electrically isolating a second ostium of the plurality of 
puhnonary vein ostia firom a second portion of the left posterior atrial wall which includes 
at least the first ostium. , 

15 

94. The method of claim 92, fiirther comprismg: 

forming a circumferential conduction block along a circumferential region of tissue 
m the left posterior atrial wall which surrounds the first ostium and which electrically 
isolates the first ostium from the substantial portion. 

20 ' 

95. The method of claun 94, wherein the plurality of pulmonary vein ostia 
fiirther includes two adjacent ostia which are located vertically and horizontally adjacent to 
tiie first ostium, respectively, and fiirther comprising: 

forming two linear lesions along the left posterior atrial wall such that each of the 
25 linear lesions extends between the first ostium and a different one of the two adjacent ostia, 
wherein the circumferential conduction block intersects with and connects the two 
linear lesions. 

96. The method of claim 95, comprising formii^ said two Imear lesions before 
30 forming the cux:umferential conduction block. 
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97. The method ofclaim 95, comprising forming smd two iine^ 
forming the circumferential conduction block. 

98. The method of claim 94, wherem the circumferential conduction block is a 
5 first circumferential conduction block, the circumferential path of tissue is a first 

circumferential path of tissue, and the substantial portion comprises at least a first portion 
and a second portion, and fiirther comprising 

forming a second circumferential conduction block along a second circumferential 
path of tissue in the left posterior atrial wall which surrounds a second ostium and which 
10 electrically isolates the second ostium fi:om said secondportion of the left posterior atrial 
wall that includes ttie first ostium. 
< ■ . 

99. The method ofclaun 98, fiarther comprising: 

forming a first linear conduction block along a linear patii of tissue extending 
15 between the first and second ostia and which intersects with the first and second 
circumferential conduction blocks. 

100. The metiiod of claim 98, wherein die first and second circumferential 
conduction blocks intersect. 

20 

101. The method of claim 100, wherein the first and second ostia are vertically 
adjacent superior and inferior puhnonary vein ostia, respectively. 

102. The metiiod ofclaim 98, wherein the plurality ofpuhnonary vein ostia 
25 fiirther mcludes third and fourth ostia, and fiirther comprising: 

forming a tiiird circumferential conduction block along a third circumferential patii 
of tissue in the left posterior atrial wall which surrounds the tiurd ostium and which 
electrically isolates tiie tiiird ostium firom a tiiird portion of tiie left postmor atrial wall 
which includes the first and second ostia; and 
30 formmg a fourtii circumferential conduction block along a fourth cucumferential 

patii of tissue in tiie left posterior atrial wall which surrounds tiie fourtii ostium and which 
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electrically isolates the fourth ostium ftom a fourth portion of the left posterior atrial wall 
that includes the first, second, and third ostia. 

103. The method ofclaim 102, further compriang: 

forming a first linear lesion along the left posterior atrial wall and which intersecte 

with and extends between a first pair of the circumferential conduction blocks; and 
fonning a second linear lesion along the left posterior atrial wall and which 

intersects with and extends between a second pair of the circumferential conduction 

blocks. 



10 



104. The method ofclaim 103, wherein the first and second ostia form a first pair 
' of vertically adjacent puhnonaiy vein ostia, the third and fourth ostia form a second pair of 
vertically adjacent puhnonary vein ostia, the first and second ciicuinferential conduction 
blocks intersect, the third and fourth circumferential conduction blocb intersect, the first 
15 pair ofthe circumferential conduction blocks includes the first and third circumferential 

conduction blocks, and the second pair ofthe circumferential conduction blocks mcludes 
the second and fourth circumferential conduction blocks. 

105. The method ofclaim 104, wherein a box-sh^ed conduction block is 

formed by the combination ofthe first, second, third, and fourth circumferential 
conduction blocks and the first and second linear lesions, and wherein the left atrium 

fiirflier comprises said mitral valve annulus, and ftirther comprising: 

forming a third linear lesion between the box-shaped conduction block and the 

mitral valve annulus. 



20 



25 



30 



106. The method ofclaim 103, fiirthercomprisii^: 

forming a third linear lesion along the left posterior atrial waU and which intersects 
with and extends between one of Ae first pair and one ofthe second pair of circumferential 

conduction blocks; and 

forming a fourth linear lesion along the left posterior atrial wall and which 

intersects with and extends between the other ofthe first pairand the other of flie second 
pair of circumferential conduction blodcs. 
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107. The method of claim 106, wherein a box-shaped conduction block is 
formed by the combination of the first, second, third, and fourth circumferential 
conduction blocks and the first and second linear lesions, and wherem the left aHiiim 
further comprises a mitral valve annulus, and further comprising: 

forming a third linear lesion along the left posterior atrial wall and which extends 
between the box-shaped conduction block and the mitral valve annulus. 
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